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DYNAMOS AND MOTORS. 

(F-A RX 1.) 



INTRODUCTION. 

Electricity is the name given to the cause of all 

electrical phenomena. The word is derived from a Greek 

i meaning amber, that substance having been observed 

f the Greeks to possess peculiar properties which we now 

(Understand to be due to electricity. 

Although electrical science has advanced sufficiently far 

3 recognize the fact that the exact nature o£ electricity is 

unknown, yet recent research tends to demonstrate that all 

{electrical phenomena are due to a peculiar strain or stress 

ledium called ether ; that when in this condition the 

" flhfr possesses potential energy or eapacity for doing work, 

as is manifested by attractions and repulsions, by chemical 

decomposition, and by luminous, heating, and various other 

^K^ffects. 

^^H In all probability, electricity is not a form of matter, for 
^^^n possesses only two physical properties in common with 
^^Bsateriat substances, namely. Indestructibility and elac*- 
^^H^cUy ; it does not possess Wfight, extension, or any of the 
^^^bther physical properties of matter. 

^^K Electrical science is founded upon the effects produced by 
^^Bthe action of certain forces upon matter, and all knowledge 
^^Hbf the science is deduced from these effects. The study of 
the fundamental principles of electricity is an analysis of a 
series of experiments, and the classification of the results in 
each particular case under general laws and rules. It is not 
necessary to keep in mind any hypothesis of the exact nature 
of electricity; its effects and the laws which govern them 
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are quite similar to those of well-known mechanical and 
natural phenomena, and will be best understood by compari- 
son. The two most essential features, therefore, in acquir- 
ing a knowledge of the electrical science, are: first, to learn 
how to develop electrical action ; and, second, to determine 
the effects produced by it. 

2. The number of processes for developing electrical 
action is almost innumerable, but the most important can 
be classified under one of the following general heads: 

{a) By the contact of dissimilar substances; 

{b) By chemical action; 

(c) By the application of heat; 

(d) By magnetic induction. 

3. The presence of electricity, also, can be detected in 
many different ways; under certain conditions, it will 

{a) Cause attractions and repulsions of light particles of 
matter, such as feathers, pith, gold-leaf, pieces of paper, etc. 

(/?) Decompose certain forms of matter into their various 
elements and cause other chemical changes. 

(f) Produce motion in a freely suspended magnetic 
needle, such as the needle of a compass. 

(d) Violently agitate the nervous system of all animals, 
causing a shock. 

(e) Heat the substances through which it acts. 

These are the principal effects produced by the action of 
electricity; others of less importance will appear from time 
to time during the study of the different branches of the 
science. 

4. Electricity may either appear to reside upon the 
surface of bodies as a charg^e, under /iig-fi pressure or tension^ 
or flow through their substance as a current, under com- 
paratively low pressure or tension. 

That branch of the science which treats of charges upon 
the surface of bodies is termed electrostatics, and the 
charges are said to be static charg^es of electricity. 

Electrodynamics is that branch which treats of the 
action of electric currents. 



DYNAMOS ANr> MOTORS. 



STATIC CHARGHH. 

5. When a glass rud or a piece of amber is rubbed with 
pik i>r fur, the parts rubbed will have the property of 
Kttracting light particles of matter, such as pieces of silk, 
wool, feathers, gold-leaf, pith, etc., which, after momentary 
lOiitact, are repelled. These attractions and repulsions 
btrc caused by a static charge oE electricity residing U|xm 
Lhe surface of those bodies, A body in this condition is said 
3 beelcctrined. 
A better experiment for demonstrating this action is to 
ispend a small pith-ball by a silk thread from a support or 
Bi>racket, as shown in Fig. 1. If a .(/i7/;V r//(7r^'c of electricity 
be developed on a ^/itss red, by 
rubbing it with silk, and the rod 
be brought near the pith-ball, the 
ball will be attracted to the rod, 
but, after momentary contact, 
will be repelled. By this contact 
She ball receives a charge of the 
pame nature as that on the glass 
tod, and as long as the two bodies 
retain their charges, mutual repni- 
rill take place whenever they 
kre brought near each other. If 
I stick of sealing-wax, electrified ^"'' '" 

Y being rubbed with fur, is approached to another pith-ball, 
ihe same results will be produced, i. e., the hall will fly 
towards the scaliog-wax, and after contact will be repelled. 
But the charges respectively developed in these two cases 
are not in the same condition. For, if, after the pith-bail 
\ the first case had been touched with the glass rod and 
fttpelled, the electrified sealing-wax be brought in the vicin- 
ity, attraction would take place between the ball and the 
Kaling-wax. Conversely, if the pith-ball be charged with 
B electrified sealing-wax, it will be repelled by the wax and 
iittractei] by the glass rod. 
An electric charge developed upon glass by rubbing it 
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with silk has been termed, for convenience, a positive ( + ) 
charge, and that developed on resinous bodies, by rubbing 
with flannel or fur, a negative ( — ) charge. 

Neither a positive nor a negative charge is produced 
alone, for there is always an equal quantity of both charges 
produced; one charge appearing on the body rubbed, and 
an equal amount of the opposite charge upon the rubber. 

The intensity of the charge developed by rubbiug the two 
substances together is independent of the actual amount of 
friction which takes place between the bodies. For, in 
order to obtain the highest possible degree of electrification, 
it is only necessary to bring every portion of one surface 
into intimate contact with every particle or every portion 
of the other; when this is done, no extra amount of rubbing 
can develop any greater charge upon either substance. 

6. From the foregoing experiments are derived the fol- 
lowing laws: 

IV/ien two dissimilar substances are placed in contact^ one 
of them ahvays assumes the positive and the other the nega- 
tive condition, although the amount may sometimes be so small 
as to render its detection very difficult. 

Electrified bodies with similar charges are mutually repel- 
lent^ ivhile electrified bodies with dissimilar charges are 
mutually attractive, 

7. In the following list, called the electric series, the 
substances are arranged in such order that each receives a 
positive charge when rubbed or placed in contact with any 
of the bodies following it, and a negati^'c charge when rubbed 
with any of those which precede it: 

L Fur. 6. Cotton. 11. Sealing-wax. 

2. Flannel. 7. Silk. 12. Resins. 

3. Ivory. 8. The body. 13. Sulphur. 

4. Crystals. 0. Wood. 14. Gutta-percha. 

5. Glass. 10. Metals. 15. Gun-cotton. 

For example, ^^7^^ when rubbed with /ur receives a nega- 
tive charge, but when rubbed with silk it receives a positive 
charge. 
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CONDUCTORS AND NON-CONDUCTORS. 

I 8. Only that part of a dry glass r"d whii:h has been 
ibbed will be electrified; the other parts will produce 
neither repulsion nor attraction when brought near a sus- 
pended pith-ball. The same is true of a piece of sealing- 
wax or resin. These bodies do not readily conduct electric- 
ity; that is, they f/i/cir or resist the passage of electricity 
through them. Therefore, it can only reside as a charge 
upon that part of their surface where it is developed. 
Experiments show that when a metal receives a charge at 
any point, the electricity immediatelv passes or flows 
hrough its substance to all parts. Metals, therefore, are 
lid to be goud conductors of electricity. Bodies have 
:ordingIy been divided into two classes, i. e., non-con- 
lucturs, or Insulators, or those bodies which offer a very 
high reHlstance to the passage of electricity, and con- 
ductors, or those bodies which offer a comparatively low 
resistance to its passage. This distinction is not absolute, 
If all bodies conduct electricity to some extent, while there 
no known substance which does not offer some resistance 
the flow of electricity. 

In giving the following list and dividing the different 
ibstances into two classes, it should be understood that 
is done only as a guide for the student. Between 
ise two classes are many substances which might be 
iluded in either list, and no hard or fast line can be 



Bilver, 
Copper, 
Other Metats. 
Charcoal, 
Ordinary Water, 
The Body. 

Paper, 
Oils, 

Porcelain, 
Wood. 



Conductors. 



No.v*CoKnrcTOR3 
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Silk, 

Resins, 

Gutta-percha, 

Shellac, 

Ebonite, 

Paraffin, 

Glass, 

Dry Air, etc. 



NoN-CONDUCTORS 
OR 

Insulators. 



ELECTRODYNAMICS. 

9. In dealing with electric currents^ the word poten- 
tial will be substituted for the general and vague phrase 
electrical condition. 

The term potential^ as used in electrical science, is analo- 
gous with pressure^ in gases; head^ in liquids; and tern- 
perature^ in heat. 

When an electrified body, positively charged, is connected 
to the earth by a conductor, electricity is said to flow from 
the body to the earth ; and, conversely, when an electrified 
body, negatively charged, is connected to the earth in a 
similar manner, electricity is said to flow from the earth to 
that body. This is called the direction of floiv of an 
electric current. That which determines the direction of 
flow is the relative electrical potential ox pressure oi the two 
charges in regard to the earth. 

It is impossible to say with certainty in which direction 
electricity really flows, or, in other words, to declare which 
of two points has the higher and which the lower electrical 
potential, or pressure. All that can be said with certainty 
is that when there is a difference of electrical potential^ or 
pressure^ electricity tends to ^o\\ from the point of higher 
to that of the Iowg^v potential or pressure. 

For convenience, it has been arbitrarily assumed and con- 
ventionally adopted that that electrical condition called 
positive is at a higher potential or pressure than that called 
negative^ and that electricity tends to flow from a posi- 
tively to a negatively electrified body. 
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The zero or normal level of water is taken as that of the 
rface of the sea, and the normal pressure of air ami yases 
that of the atmosphere at the sea-level; similarly, there 
a zrra potential, or pressure, of elfctricity in the earth 
ielf. The earth may be regarded as a reservoir of elec- 
icity of infinite quatiiity, and its potential, or pressure, 
'inay therefore be taken as gero. 

The electrical condition called /tfj/'/nv is assumed to be aL 
a higher potential or pressure than the earth, and that 
led negative is assumed to be at a lower potential or 
cssure than the earth. 



lO. It must be understood that elui^lricity is a loniiition 
of matter, and not matter itself, for it possesses neither 
weight nor dimensions. Consequently, the statement that 
electricity i&'Jfenving through a conductor must not be taken 
too literally ; it must not be supposed that any material sub- 
stance, such as a liquid, is actually passing through the con- 
ductor in the same sense as water flows through a pipe. The 
:ateraent that electricity is flowing through a conductor is 
inly another way of expressing the fact that the conductor 
Old the space surrounding it are in different conditions than 
usual and that they possess unusual properties. The action 
of electricity, however, is quite similar in many respects to 
the flow of liquids, and the study of electric currents is much 

Implified by the analogy, 
int 
\ 



11, In order to produce what is called an clt^ciric cur- 
int, it is first necessary to cause a difference of eltctrical 
ftcHtial between two hoiiies or between two parts of the samt 

ly- 

It was stated that when two dissimilar substances are 
iply placed in contact, one always assumes the posi- 

'B and the other the negative condition ; or, in other words, 

difftrence of electrical potential is iln>elopcd between the 
two bodies. 

Placing a piece of copper and zinc in contact will develop 
a difference of electrical i^otential which can easily bi^ 
detected. The same results will follow if the plates arc 
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slightly separated from each other and placed in a vessel 
containing saline or acidulated water, leaving a small por- 
tion of one end of each plate exposed. The exposed ends of 
the zinc and copper are now electrified to different degrees, 
or, in other words, there is a difference of electrical potential 
between them, one plate being at a higher potential than the 
other. 

When the exposed ends are connected by any conducting 
material, the potential between the plates tends to equalize 
and a momentary rush or discharge of electricity passes 
between the exposed ends through the conductor, and also 
between the submerged ends through the liquid. During its 
passage through the liquid, the electricity causes certain 
chemical changes to take place; these chemical changes 
cause in their turn a fresh difference of potential bttviQ^n 
the plates, which is followed immediately by another equal- 
izing discharge, and that by a further difference, and so on. 
These changes follow one another with great rapidity — so 
rapid, in fact, that it is impossible to distinguish them apart, 
and they appear absolutely cojitinuous. The equalizing flow 
which is constantly taking place from one plate to the other 
is known as a continuous current of electricity. Conse- 
quently, an electric current becomes continuous when the 
difference of potential is constantly maintained. 

By the use of a very delicate instrument, the submerged 
end of the copper is found to be electrified with a negative 
charge, while the sul)merged end of the zinc is electrified 
with di positive charge. The direction of the current, there- 
fore, will be from the submerged end of the zinc through 
the liquid to the submerged end of the copper, and from the 
exposed end of the copper to the exposed end of the zinc. 

12. A simple voltaic, or s:alvanlc, cell. Fig. 2, is an 
apparatus for developing a continuous current of electricity. 
It consists essentially of a vessel containing saline or acid- 
ulated water in which are submerged two plates of dissimi- 
lar metals, or one metal and a metalloid (as, for instance, 
carbon). 
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the 



lectrolyte is the name given to the liijuit], whkh, as it 

insmits the current, is deojmpose-d by it. 

The two dissimilar metals, 
m spoken of separately, are 

lied voltaic, or salvaalc, 
iinents; and, wh<;:n taken 

Icctively, are known as a 

>ltalc couple. 

A voltaic, or EalvaalCi 

ittcry is a number of simple 

lis properly joined together. 

Electrodes, or poles, of a 

I or battery are metallic ter- 

inals or connectors attached 
to the exposed ends of the plates, and are used to c nnect 
the cell or battery to any exterior conductor or to another 

ill or battery. 

It should be remembered that the polarity of the sub- 

irgcd ends of the plates is always of opposite sign to that 
of their electrodes. For example, in the case of the zinc 
and coppei couple, the electrode fastened to the zinc would 
be spoken of as the negative electrode of the cell, while the 
sine itself would be the positive element of the cell, its 
submerged end being positive. 

In any voltaic, or galvanic, couple, the element which is 
:d upon by the electrolyte will always be the positive 
,, and its electrode the negative electrode of the cell. 



13. The following list of voltaic elements composes 
^at is called the electromotive series : 



1. Zinc. 


5. 


Iron. 


'A. 


Copper 


8. Cadmium. 


6. 


Nickel, 


If). 


Silver. 


3. Tin. 


7. 


Bismuth. 


11. 


Gold. 


4. Lead. 


8. 
13. 


Antimony. 
Graphite. 


12. 


Platinu 



k Any two of these metals form a voltaic couple and pro- 
1 a difTerence of potential when submerged in saline or 
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acidulated water, the one standing first on the list being the 
positive element or plate, and the other the negative. For 
example, if nickel and graphite are used, the nickel will be 
acted upon by the liquid and will form Xh^ positive element; 
but if nickel and zinc are used, the zi^ic will be acted upon 
by the liquid, and hence will be ths^ positive element. 

The difference of potential will be greater in proportion 
to the distance between the positions of the two substances 
in the list. For example, the difference of potential devel- 
oped between zinc and graphite is much greater than that 
developed between zinc and nickel ; in fact, the difference 
of potential developed between zinc and graphite is equal to 
the difference of potential developed between zinc and nickel 
plus that developed between nickel and graphite. 

Electricity flowing as a current differs from static charges 
in three important degrees — namely, (1) its potential \s 
much lower, (2) its actual quantity is greater, and (3) it is 
continuous, 

A substance charged from a strong voltaic battery pos- 
sesses the property of attracting light substances only in 
the slightest degree; in fact, the attractions can only be 
detected with the most delicate instruments, ^h^ potential 
of a current of electricity is comparatively so small that a 
voltaic battery composed of a large number of cells is not 
sufficient to produce a spark more than one or two hun- 
dredths of an inch long in air, whereas a small, rapidly 
moving leather belt will sometimes produce static sparks of 
more than an inch in length. The length of the spark 
affords a means of estimating potentials, a high potential 
being capable of producing a longer spark than a low poten- 
tial, but the length of spark gives us no means of estimating 
the current stren^i^tli or quantity of electricity flowing. 
The actual quantity of electricity is measured by the amount 
of water it will decompose. Gauged by this standard, the 
quantity of electricity produced by a voltaic cell no larger 
than a thimble would be found greater than that from a 
large, rapidly moving belt, giving static sparks several inches 
in length. 
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14. There are three different methods of connecting or 
grouping the cells in a voltaic battery; In series ; in par- 
aiUl, or multiple-arc ; in tmtitiple-scrics. 

Cells arc connected In series when the positive electrode 
^^f the first cell is connected to the negative electrode of the 
^■KCond, and the positive electrode of the second is connected 
P^o the negative electrode of the third, and so on, as shown 
in the diagram, Fig. 3. In . 

this we have adopted the \^ A 

usual Eigns for represenling ^I'=^|P^P=5|fMM1'^ 
a cell, the short, broad line fig. a. 

representing the positive electrode uf the cell and the long, 
narrow line the negative electrode. In this method of con- 
necting or grouping of cells, when the negative electrode of 
the first cell is connected to the positive electrode of the 
last by some exterior conductor, the total current produced 
will flow successively through each cell. This method of 
grouping is used when th^-re is available a large number of 
l<>w potential cells and a tiigh potential is desired, as in long 
telegraph-lines or any other high resistance circuit. 

15> Cells are connected in parallel, or multiple-arc, 
when the positive electrtwles of all the ceils are connected to 
one main positive conductor and all the negative electrodes 
are connected to one main negative conductor, as shown by 

^ ^^ the diagram, Fig. 4. In 

k'k Kllt'ilj; P»"'l«'. or n,ulliple.arc 

V V 1" t' P groupmg, only a part of 

the total current flowing in 

*'"'■*' main conductors will pass 

through each cell. This method of grouping is used when 

it is desired to obtain a strong current from a number of 

cells (when the external re- ^ — » i 1 1 

sisiance is /uK/), as in electro- ijlj', ij^. ijit 

f- , -? ft i 

■ 16. Cells arc connected V .— i \ 'I 

|!ni multiplvBerics by ar- Pi<^. s, 

ranging them in several groups, each group being composed 

^ r. tv.-j 



\C 
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of several cells connected in series, and then connecting all 
the groups together in parallel, or multiple-arc, as shown 
in the diagram, Fig. 5. This method is used where both a 
higher potential and a stronger current are required than 
any one cell of the group will give. 



CIRCUITS. 

17. A circuit is a path composed of a conductor, or of 
several conductors joined together, through which an elec- 
tric current flows from a given point around the conducting 
path back again to its starting-point. 

A circuit is broken, or open, when its conducting ele- 
ments are disconnected in such manner as to prevent the 
current from flowing. 

A circuit is closed, or complete, when its conducting 
elements are so connected as to allow the current to flow. 

A circuit in which the earth, or ground, forms part of the 
conducting path is called an earth, or a s<*ounded, circuit. 

The external circuit is that part of a circuit which is 
outside or external to the electric source. 

The internal circuit is that part of a circuit which is 
included within the electric source. 

In the case of the simple voltaic cell, the internal circuit 
consists of the two metallic plates, or elements, and the 
electrolyte; an external circuit would be a wire or any con- 
ductor connecting the free ends of the electrodes. 

18. Conductors are said to be connected in series when 
they are so joined together as to allow the current to pass 

consecutively through each. 
For example. Fig. 6 repre- 
sents a closed circuit con- 
sisting of a simple voltaic 
cell B and four conductors 
^, by r, and d^ connected in 
series. 

A circuit which is divided 
FioTe. into two or more branches. 
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I branch transmitting part of the main current, is 

[erived, or Bhunc, circuit, and the separate branches a 

I to be connected in parallel, or multlple-i 



t of two branches in parallel 



BEaiTiple of a derh'td 
f shown in Fig. 7. The 
nain current flows first 
"tlirough the conductor a, 
L-n divides between the 
anches c and b, and linal- 
^y uniting and completing 
e circuit through the con- 
pnctor d ; the two branches 
«nd b being the conductors, which are connected in par- 
7, or inultiplf-arc. The way the current divides, and how 
ic amount which will flow through the branches b and c 
determined, will be treated of later. 




MAGNETISM. 
18. MaKnets are substances which have the property 
l,of attracting pieces of irun or steel, and the term maicnct- 
1 is applied to the cause of this attraction. Magnetism 
Irexists in a natural state in an ore of iron, which is known 
lin chemistry as magnetie oxide of iron, or magnetite. This 

*-■ --jwas first found by the ancients \x\ Magnesia, 

a city in Asia Minor; hence, substances pos- 
sessing this property have been called magnets. 
It was also discovered that when a small bar 
• ■f this ore is suspended in a horizontal position 
by a thread, it has the property of pointing in 
a north and south direction. From this fact 
the name ludestone — leading-stone — was given 
to the ore. 

When a bar or needle of hardened steel is 

iLibbed with a piece of lodestone, it actp!tires 

magnetic properties similar to those of the 

liidestone. without the latter losing any of its 

|»n force. Such bars are called artificial magnets. 
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Artificial magnets which retain their magnetism for i 
loQg time are called permanent magnets. 

The common form of artificial, or permanent, magnet^ 
Fig, 8, is a bar of steel bent into the shape of a /torseskoi 
and then hardened and magnetized. A piece of soft iron^ 
called an armature, or a keeper, is placed across the twd^ 
free ends, which helps to prevent the steel from losing it| 
magnetism. 

20. If a bar magnet is dipped into iron filings, thd 
filings are attracted towards the two ends and adhere thei 
in tufts, while towards the center of the bar, half wa]| 
between the two ends, there is no such tendency. (Se< 
Fig. 9.) That part of the magnet where there Is no : 




ent magnetic, attraction is called the neutral Iln 
the parts around the two ends where the attraction is g:reat4 
est are called poles. An imaginary line drawn througl 
the center of the magnet, from end to end, connecting tb 
two poles together, is called the axli* mt maKnetlsm. 
A compass consists of a magnetized steel needle, 1 
10, resting upon a fine point, so as to turn freely in a IiofM 
zontal plane. When not in the vicinits 
of other magnets or magnetized i 
the needle will always come to rest witi 
one end pointing towards the nort 
and the other towards the south. Tfej 
end pointing northward is the no 
Hceklng pole, or, simply, the t 
pole, and the opposite end is tbetH>wtl 
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jBeklns or south pole. This polarity applies as well to 

■1 magnets. 

1 If the north poU <ii one magnet is brought near the south 

' of another magnet, attraction takes place; but if two 

[brlh poles or two south poles are brought together, they 

^pel each other. In general, like magnetic poles repel one 

mnother; unlike poles attract one another. 

The earth is a great magnet whose magnetic poles coin- 
cide nearly, but not quite, with the true geographical north 
Jind south poles. A freely suspended magnet, therefore, will 

tfways point in an approximately north and south direction. 

Tit is impossible to produce a magnet with only one 
We. If a long bar magnet is broken into any number of 
brts, each part will still be a magnet and have two poles, 

E north and a south one. 

I 21> Magnetic substances are those substances which, 
pthough not in themselves magnets, that is, not possessing 
IdIcs and neutral lines, are, nevertheless, capable of being 
Ktracted by a magnet. In addition to iron and its alloys, 
iwing elements are magnetic substances: Nickel, 
mlt, manganese, oxygen, cerium, and chromium. These, 
, possess magnetic properties in a very inferior 
[egree compared with iron and its alloys. All other known 
lilbstances are called non-inn([netlc MubHtances. 

' 22. The space surrounding a magnet, in which any 
hagnetic substance will be attracted or repelled, is called its 
aaenctlc field, or, simply, its 

Kid- Magnetic attractions and 
bpulsions are assumed to act in a 
efinite direction and along imag- 

lary lines called Ilnett of ma);- 

NtCIc force, or, simply, ilni;!* 

rforcc, and every magnetic field 

I assumed to be traversed by such 

s of force — in fact, to exist by 

rtueof them. Their position in 

fay plane may be shown by placing 
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■ a magnet, and sprinkling fine iroiB 
filings over the paper. In tha 
case of a bar magnet lying ojb 
its side, the iron filings wil! arrangtt 
themselves in curved lines cxtend-| 
ing from the north to the souiS^ 
pole, asshownin Fig. II. A view 
of the magnetic field looking to- 
wards either pole of a bar m;igne1 
would exhibit merely radial line; 
as shown by the filings in Fig. 12, 
pi^ jji Every line of force is as 

to pass out from the north pole, 

make a complete circuit through the surrounding mediun; 

and into the south pole; thence, through the magnet, to thi 
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?!orth pole again, as shown in Fig. 13. This is called the 

direction of the lines of force , and the path which they take 

is called the ma^ietic circuit. 

23. The direction of the lines of f re n any magoetic 

field can be traced by a small, freel\ '^u pen led magnet c 

needle, or a small compass such 

as indicated by m in Fig. 13. 

The north pole of the needle will 

always point in the direction of 

the lines of force, the length of 

the needle lying either parallel or 

tangent to the lines of force at 

that point. If the needle be 

moved bodily in the direction to- 
wards which the north pole points, 

its center or pivot will describe a v n 

path coinciding with the direction f the I nes f f r e in 

that part of the magnetic field. 

NoTB. — In all diagrams, the direction of the lints of force will be 

represented by arrow-heads upon dotted lines. 

Lines of force can never intersect each other; when two 
apposing magnetic fields are 
iirought together, as indicated by 
the iron filings in Fig. 14 and 
rig. 15, the lines of force from 
each will be crowded and distorted 
from their original direction until 
they coincide in direction with 
ihose opposing, and form a re- 
sultant field in which the direction 
of the lines of force will depend 
''"' '^ upon the relative strengths of the 

two opposing negative fields. The resulting poles thus 

formed are called consequent polea. 

In every magnetic field there are certain stresses which 

produce a tension along the lines of force and a pressure 

across them; that is, they lend to shorten themselves from 

end to end, and repel one another as they lie side by side. 
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24. When a magnetic substance is brought into a 
magnetic field, the lines of force in that vicinity crowd 
together and all tend to pass through the substance. If the 
substance is free to move on an axis (but not bodily) towards 
the magnet pole, it will always come to rest with its great- 
est extent or length in the direction of the lines of force. 
The body will then become a magnet, its south pole being 
situated where the lines of force enter it, and its north pole 
where they pass out. The production of magnetism in a 
magnetic substance in this manner is called magnetic 
induction. The production of artificial magnetism in a 
hardened steel needle or bar by contact with lodestone is 
one case of magnetic induction. 

The amount, or quantity, of masnetism is expressed 
by the total number of lines of force contained in a magnetic 
circuit. 

Magnetic density is the number of lines of force pass- 
ing through a unit area measured perpendicularly to their 
direction. 



ELECTROMAGNETISM. 

25. If a conductor be placed parallel to the magnetic 
axis of a compass needle, and a current passed through the 






Fig. 16. 



conductor in either direction, the needle will tend to place 
itself at right angles to the conductor, as shown by arrows 
in Fig. 16 ; or, in general, an electric current and a magnet 
exert a mutual force upon each other. From the definition 



ri2s 
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given ill Art. 22, the apace surrounding the conductor is a 

ftuigHftir field. If ihe conductor is threaded up through 

a piece of cardboard, and iron filings are sprinkled on 

the cardboard, they will irnnc 

themselves in concentric cm I 

around the conductor, as repi 

sented in Fig. 17. This eft 

will be observed throughout il 

entire length of the condui i 

and is caused entirely by tht. ur 

rent. In fact, every Limdii i 

conveying a current of electn i 

can be imagined as cnnipIttLl 

surrounded by a sort of magnetic "" ' 

whirl, the magnetic density decreising as the distance from 

the current increases. (See Fig 18 ) 

26. If the current in a horizontil conductor is flowing 
/otcnrrfj the «cr///, and a compass is placed KWt/frthe con 
ductor. Fig. V^ the north pole of the needle 
will be deflected towards the ^Lest by placing 
the compass oxtr the wire Fig 20 the north 
pole of the needle will be deflected towards the 
east. By reversing the direction of the current 
in the conductor, the needle will point in the 
opposite direction in each case, respectively. 

If the conductor is placed over the needle, 
and then bent back under it, forming a loop as 
shown in Fig. 21, the tendency of the current in 
both top and bottom portions of the wire is to 
deflect the north pole of the needle in the same 
direction. 

From these experiments, knowing the direc- 
tion of current in the conductor, the following 
rule is deduced for the direction of the lines of 
force around the conductor. 

the eonduclor away 



I 



s-l 



PlClg. 

Rule." 



■//■ the current is f owing i 



from ike observer, then (lie dtreetioii of the lines of force 
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luill be around the conductor in the direction of the hands of 
a watch. 





Pig. 19. Fig. 20. Fio. 21. 

The direction of the lines of force around a conductor is 
indicated in Fig. 22 where the current is assumed to be 

flowing downwards, that 
is, piercing the paper. 



27. Two parallel 
conductors, both trans- 
mitting currents of elec- 
tricity, are either mutu- 
ally attractive or repel- 
lent, depending upon the 
relative direction of their 
currents. If the cur- 
rents are flowing in the 
same direction in both 
conductors, as repre- 
sented in Fig. 23, the 
lines of force will tend to 
surround both conduct- 




FIO. 22. 



ors and contract, thus attracting the conductors. If, how- 
ever, the currents are flowin^j in opposite directions, as in 
Fig. 24, the lines of force lying between the conductors will 
have the same direction, and therefore repel the conductors. 

28. If the conductor carrying the current is bent into 
the form of a loop, as in Fig. 25, then all the lines of force 
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ind the conductor will thread through the loop in the 
e direction. By bending the conductor into a long Jitlix 





;n 



jbf several loops, the lines of force around each loop 

soincidc with those around the adjacent loops, forming sev- 

■vral long lines of force which thread through the entire 

^elix, entering at one end and passing out at the other. 




The same conditions now exist in the helix as exist *n 
I bar magnet, i. e,, the lines of force fass out from one 

fend and t-nfer the other. In fact, the helix possesses 
k north and a south pole, a neutral line, and all the proper- 

afes of attraction and repulsion of a magnet. If it is sus- 
lended in a horizontal position and free to turn, it will 
lorae to rest pointing in .1 north and south direction. 

A helix made in this manner, around which a current of 
blectricily is circulating, in called a sutunold. 
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29. The polarity of a solenoid, that is, the direction ot 
the lines of force which thread through it, depends upon the 
direction in which the conductor is coiled and the direction 
of the current in the conductor. 

To determine the polarity of a solenoid, knowing the 
direction of the current: 

Rule. — /;/ looking at the end of the helix y if it is so wound 
that the current circulates around the helix in the direction of 
the hands of a watchy that end will be a south pole; if in the 
other direct ion y it will be a north pole. 

Fig. 26 represents a conductor coiled in a right-handed 
helix. If the current starts to flow from the end where the 

observer stands, that end 
will be a south pole and 
the observer will be looking 
through the helix in the 
direction of the lines of 
FIG. 26. force. 

The polarity of a solenoid can be changed by reversing 
the direction of the current in the conductor. 

30. In Art. 24 it was stated that when a magnetic sub- 
stance is brought into a magnetic field, the lines of force in 
that field crowd together, and all try to pass through that 
substance; in fact, they will alter their circular shape, and 
extend a considerable distance from their original position, in 
order to pass through it. A magnetic substance, therefore, 
offers a better path for the lines of force than air or other 
non-magnetic substances. 

The facility afforded by any substance to the passage 
through it of lines of force is called magnetic permea- 
bility, or, simply, permeability. 

l^hQ permeability oi all non-magnetic substances, such as 
air, copper, wood, etc., is taken as 1, or unity. The permea- 
bility of soft iron may be as high as 2,000 times that of air. 
If, therefore, a piece of soft iron be inserted into the mag- 
netic circuit of a solenoid, the number of lines of force will 



E greatly increased, and the Iron will become highly mag- 
nctixed. 



A magnet produced by inserting a magnetic sub- 
into the magnetic \ 
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stanc< 

circuit of a solenoid is 

el««trama|{n«t, and the 

magnetic substance around 

which the current circulates 

is called the core. (See 

Fig. 37.) The solenoid is Fic.ar. 

generally termed the inaicnetlKlnK coll. 

In the ordinary form of electromagnet, the magnetizing 
hI consists of a large number of turns of insulattd wire, 
hat is, wire covered with a layer or coaling of some non-con- 
fuctingor insulating material, usually silk or cotton ; other- 
ise the current would take a shorter and easier circuit from 
me coil to the adjacent one, or from the first to the last coil 
pfarough the iron core without circulating around the magnet. 
The simplest form of an electromagnet is the bar magnet. 
As usually constructed, it consists 
of a straight bar of iron or steel B, 
fitted into a spool, or bobbin, made 
of hard vulcanized rubber or some 
o t h e r inflexible insulating ma- 
terial. The magnetizing coil of 
fine insulated copper wire w is 
wound in layers in the bobbin, as 
shown by the cross-section in 
Fig. 28. 

' "■ ^ The rule for determining the 

polarity of a solenoid, Art. 29, is the same for aa electro- 
magnet. It makes no difference whether the wire is wound 
in one layer or in any number of layers, or whether it is 
wound towards one end and then wound back again over the 
previous layer towards the other end; so long as the current 
circulates continually in the same direction around the core,. 
Ihe polarity of the magnet will remain unchanged. 




I 
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32. The most onvenient form of clcclroraagnct for 
great variety of uses is the horseshoe, or \}-sliapcd, electro, 
magnet, Fig. 30. It consists of a bar of iron hcnt into the 
shape of a horseslioe with straight ends and provided with 
two magnetizing coils, one on each end of the magnet. The 
two ends which are surrounded by the mils are the cores of 
the magnet, and the arc-shaped piece of iron joining them 
together is known as the yoke of the magnet. The ordinary 
U-shaped electromagnet is made in three parts : namely, 
two iron cores wound with the magnetizing coils, and a 
straight bar of iron joining the two cores together for a yoke, 
as shown in Fig. 29, In looking at the free ends of the twi 
cores. Fig. 30. the current should circulate around one core 
in an opposite direction 
to that around the other. 
II the current circulates 
around both cores in the 
same direction, the lines: 
of force produced in the 
two cures, respectively, 
oppose one another, 
forming two like polesat 
their free ends and a c nsiqumt pote in the yoke. The total 





number of lines of force produced by both coils will ' 
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greatly diminished, and the magnet will exhibit only a small 
amount of magnetic attraction. 

Another common form of electromagnet is known as the 
iron-clad electromagnet. In its simplest form. Fig. 31, 
it contains only one magnetizing coil and one core. The 
core is fastened to a disk-shaped iron yoke, and the mag- 
netic circuit is completed through an iron shell which rises 
up from the yoke and completely surrounds and protects the 
coil. 



ELECTRICAl. UNITS. 

33* The three principal units used in practical measure- 
ments of a current of electricity are : 

The ampere, or the practical unit denoting the rate of 
flow of an electric current^ or the strength of an electric 
current. 

The otun, or the practical unit of resistance. 

The volt, or tlu practical unit of electrical potential or 
pressure. 

Electromotive force, written £. M. F., or simply E., is 
the total generated dijference of potential in any electric 
source or in any circuit. For example, the total difference 
of potential developed between the plates of a simple voltaic 
cell would be the electromotive force of that cell. 

Ordinarily, the term electromotive force is used to express 
any difference of potential ; that is, the electromotive force 
is the difference of potential between two pMjints. 

The relation of these three practical units will be better 
understood by the analogy of the flow of water through a 
pipe. The force which causes the water to flow through 
the pipe is due to the head ox pressure ; that which resists 
the flow is the friction of the water against the inside of the 
pipe, and the amount would vary with circumstances. The 
rate of floWy or the current^ may be expressed in gallons per 
minute^ and is a ratio between the head or pressure and the 
resistance caused by the friction of the water against the 
inside of the pipe. For, as the pressure or head increases^ 
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the rate of flow or current increases in proportion ; as the 
resistance increases the cuvvcnt diminishes. 

In the case of electricity flowing through a conductor, the 
electromotive force^ ox potential^ corresponds to the pressure or 
head of water, and the resistance which a conductor offers 
to the flow of electricity to the friction of the water against 
the pipe. The strength of an electric current ^ or the rate oj 
flow of electricity y is also a ratio — a ratio of the electromo- 
tive force and the resistance of the conductor through which 
the current is flowing. This ratio as applied to electricity 
was first discovered by Dr. G. S. Ohm, and has since, been 
called Ohm's laiv. 

34. Olmi's La IV. — The strength of an electric current 
in any circuit is directly proportional to the electromotive 
force droeloped in that circuity and inversely proportional to 
the resistance of the circuit; i. e. , // is equal to the electromo- 
tive force divided by the resistance. 

Ohm's law is usually expressed algebraically, thus: 

^ , - electromotive force 

Strength of current = ; . 

° resistance 

If the electromotive force (£") is expressed in volts and 
the resistance i^R) in ohms^ the formula will give the 

E 

strength of current (C) directly in amperes ; thus C= -^, 

Before giving examples of the application of Ohm s law, 
the value and significance of each unit will be treated upon 
separately. 

35* The Ampere, or the Unit Strens^th of Cur- 
rent. — The strength of an electric current can be described 
as a quantity of electricity flowing continuously every sec- 
ond, or, in other words, it is the rate of flow of electricity, 
just as the current expressed in gallons per minute is the 
rate of flow of liquids. When one unit quantity of elec- 
tricity is flowing continuously every second, then the rate 
of flow, or the strength of current, is one ampere; if two 
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lit quantities are flowing continuously every second, then 
strength of current is two amfic-res, and so on. It 
lakcs no difference in the number of amperes whether llie 
t flows for a long period or for only a fraction of a 
; if the quantity of electricity that would flow in one 
»nd is the same in both cases, then the strength of the 

r ampfres is the same. 
The inlernalwnal ampere is defined as the strength of an 
unvarying current, which, when passed through a solution 
\ nitrate of silver and water, deposits silver at ihe rate of 
blTSS grain per second. 

1 Electricity possesses neither weight nor extension, and 
lereforc an electric current can not be measured by the 
ial methods adopted for measuring liquids and gases. 
I liquids, the strength of the current is determined by 
Beasuring or weighing the actual quantity of the liquid 
liich has passed between two points in a certain time and 
Uviding the result by that time. The strength of an elec- 
nc current, on the contrary, is determined directly by the 
Sect it produces, and the actual quantity of electricity 
liich has passed between two points in a certain time is 
^erwards calculated by multiplying the strength of the 
hrrent by the time. 



E 36. The principal effects produced by an electric cur- 
mt are given in Art. 3; of these, the one most generally 
I for measuring is the action of the current upon a 
bagnetic needle, as shown in Art. 25. The instrument 
pmmonly used in laboratory practice for measuring and 
Btecting small currents of electricity is called the gal- 
Jpnometcr. 

■ The action of the galvanometer is based upon the princi- 
! given in Art, 25, where a magnetic needle, freely 
■pended in the center of a looped or coiled conductor, is 
:Qeeied by a current <if electricity passing around the coil 
loop. In ordinary practice, the needle is suspended 
hsX upon a pivot projecting into an agate cup fixed in 
needle, or by a fiber suspension, as shown by F in 
tv.—s 
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In the simpler forms uf galvanometers, the mag. 

cdle itself swings over a dial graduated in degrees 

ill other forms, a light indei 

needle is rigidly attached U 

the magnetic needle am 

swings over a similar dial, 

indiL-ateci by /in Fig. 32j ant 

in the more sensitive galva 

nometers, Fig. 33, a smal 

reflecting mirror is attache) 

to the fiber suspension ai 

reflects a beam of light up* 

a horizontal scale situate* 

several inches from the gal. 

vanoraeter. 

In any of iliLhc g.tivaiiuineters, when no current is flow 

iiig in the coils, the needle should point in a directioi 

parallel to the length of the coil, Fig. 34. The measuring o 





currents by must galvanometers depends upon the magncti) 
needle being ht-kl in this position by the m^ynetie altrau 
tion of the earth's magnetism or the attraction of 



DYNAMOS AND MOTORS. 



■;9 




idjacent magnet. When a current of electricity passes 

iround the coil, its tendency is to deflect the magnetic 

teedle at right angles to its original position, as explained 

(1 Art. 2S» while the tendency of the earth's magnetism is 

oppose the movc- 

int The couple 

"thereby produced will 

cause the needle to be 

deflected a certain 

ji u m b e r of degrees 

■om its original posi- 

, depending upon 

relative strengths 

the two magnetic 

Ids. The stronger the current in the coil, the greater the 

leflection. With a galvanometer of standard dimensions 

id a magnetic field of known strength, such as the earth's 

lagnctism at a convenient place on its surface, a strength 

f current can be conventionally adopted as a unit which will 

produce a certain deflection ; all other galvanometers can be 

nlibrated from this standard, and their dials graduated to 

lead the strength of current directly in t\.c conventional 

nit adopted 

37. Commercial and portable instruments are devised 
for measuring the strength of current directly in amperes, 
and are called ampere nieten*, or simply ammeters. The 
action of the current flowing through the coils in these 
instruments causes small magnetic needles or other coils of 
wire to act against either the tension of springs or against 
Xavitalionat forces. The majority of ammeters are pro- 
idcd with an index needle which travels over a scale or 
.1 graduated in divisions, each division representing one 
imperc, or fractions or multiples of one ampere. 
Fig. 35 shows the general form of a standard Weston 
ammeter used for commercial testing purposes. The 
nglh of the current flowing in a circuit can be measured 
rectly in amperes by opening the circuit at any convenient 
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place and 
binding-posts 



ihe two ends thus formed to th« 
and p'. Tlie direction of the current tq 
the circuit should 1 
determined beforehand) 
so that it passes ittto thi 
instrument by the bin(J 
ing - post marked 
the positive (+) sign- 




nhe 



the 



inde: 



needle will be deflected 
off the scale i 
wrong direction, whiclj 
is liable to damage tbi 
instrument and caus-j 

error in reading when the current passes through in thi 

proper direction. 

38. Tbc Obm, or the Unit of Resltttance.- 

Art. 8 it was stated that the resistance varied in differed 
substances; that is, one substance offers a higher resist 
to a current of electricity than another. Electrical resist 
ance, therefore, can be defined as a property of mattcn 
varying with different substances, and ill virtue of whld 
such matter opposes or resists the passage of electricity. 

The resistance which all substances offer to the passagi 
of an electric current is one of the most important quanti 
tics in electrical measurements, In the first place, 
that which determines the strength of an electric current I 
any circuit in which a difference of potential is constant! 
maintained, as shown by Ohm's law; and in the seconflj 
place, the unit of resistance, the ohm, is the only unit id 
electrical measurements for which a materia! standard cal 
be adopted, other quantities being measured by the effec 
they produce. The basis of any system of physical meal 
urements is generally some material standard conveJ 
tionally adopted as a unit, physical measurements in ea< 
system being made by comparison with the unit of thi 
system. 
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The unit of electrical resistance now universally adopted 
is called the International olim. One international ohm 
is the resistance offered hy a column of pure mercury lOii.3 
centimeters in length and 1 square millimeter in sectional 
area at 32" F., or the temperature of melting ice. The 
dimensions of the column expressed in inches are as follows: 
length, 11.85 inches; sectional area, .0(1153 square inch. 
Hereafter the word "international" will be omitted and 
simply the word "ohm"uscd; the international ohm, how- 
ever, as defined above, wil! always be implied unless other- 
iiise stated. 
k' 39< If a given conductor offers a resistance of % ohms to 
Ecurrent of 1 ampere, it oilers the same amount, no more 
IDr less, to a current of 10 amperes. Hence, the resistance 
^f a given conductor at equal temperaturis is always coiis/ant, 
irrespective of the strength of current fio'tving through it or 
the electromotive force of the current. 

40. If the length of a conductor be doubled, its resist- 
.-ince will be doubled; that is, the resistance of a given con- 
ductor incicascs as the length of the conductor increases, 
hie. resistance being directly proportional to the length of 
lie conductor. 

' When it is required to find the resistance of a conductor 
f which the length is varied, and other conditions remain 
tchanged, the following formula may be used: 

{in this formula 

r, = the original resistance; 
r, = the required or changed leaistance; 
/, = the original length; 
/, = the changed length. 
1 As in all examples of proportion, the two lengths must be 
iducedto the same unit. 

By this formula, we sec that the resistance of a conductor 
after its length is changed is equal to the original reststance 



(I.) 
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multiplied by the ehangcd lengthy and the produet divided by 
the original length. 

Example. — Find the resistance of 1 mile of copper wire, if the resist- 
ance of 10 feet of the same wire be .013 ohm. 

Solution. — rx = .013 ohm; A = 10 feet; /« = 1 mile = 5,280 feet. 

Then, by formula 1 , the required resistance r, = '- r^r-^ — = 

6.864 ohms. Ans. 

41. If the sectional area of a conductor is doubled and 
other conditions remain unchanged, the resistance will be 
halved. We may, then, obtain the value of the resistance 
of a conductor for any change in sectional area by the 
following formula: 

^ = ^, (2.) 

in which r, = the original resistance of the conductor; 
r, = the changed resistance; 
a^ = the original sectional area; 
a^ = the changed sectional area. 

From the relations here expressed, it will be seen that the 
resistance varies inversely as the sectional area; that is, the 
resistance of a given conductor diminishes as its sectional area 
increases. 

The resistance of a conductor is independent of the shape 
of its cross-section. For example, this shape may be cir- 
cular, square, rectangular, or irregular; if the sectional area 
be the same in all cases, the resistances will be the same, 
other conditions being similar. 

Example. — The resistance of a conductor whose sectional area is 
.025 sq. in. is .32 ohm; what would be the resistance of the conductor 
if its sectional area were increased to .125 sq. in. and other conditions 
remain unchanged ? 

Solution. — r^ = .32 ohm ; <?, — .025 sq. in. ; and a^ = .125 sq. in. 

Then, by formula 2, the required resistance r» = — ^ — - =-^ — t^ — =» 

.064 ohm. Ans. 
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of a 



BXAUPLB.— The sect 

csiatanceisi dhm; if itssecttonal area be decreased 
d other conditians remain unchanged, what will be the 
[ SoLlTTlOS.— r,=lohm; iii =.01 sq. in ; and at = .001 sq, 
[trmuta 2, the resistance f, = — ^ ^ = 10 ohms. 



.001 

42. When comparing resistances of round copper wires 
e following formula is iiwed: 

(3.) 

1 which r, = the original or known resistance; 
r,= the required resistance; 
D = the original diameter; 
d = the changed diameter. 
This formnla is based on the rule that, since the sectional 
area of a round conductor is proportional to the square of 
its diameter (sectional area = diameter" x .7854), ///<■ resist- 
(tncf of a round conductor is inversely proportional to the 
ffuari' of its diameter. 

ExAiiPLB, — The resistance of a round copper wire .2 in. in diamcler 
^4-^ ohms; from this calculate the resistance uf a round copper wire 

n diameter, other conditions remaining the same in both cases. 
I Solution. — In this example, r, =45 ohms; D = .2 inch; and it — .8 
Hence, by formula 3, the required resistance 
45X-2'_43X.0*_ 



EXAHPLE, — It the 



= 20 ohms. Ans. 



a round German-silver wire \ in. 
is 12.6 ohms, what is the resistance of a round German- 
■^ in. in diameter, other conditions being equal in the 

[ SoLUTIOK— In this example, r, = IS.6uhms; V=\ = .125 inch; and 
= j^ = .0625 inch. Hence, by formula 3, 

. _ 'S.B X 



SO. 4 ohms. Ans. 



[ <t3> The resistance of two or more conductors connected 

es (Art. 14) is equal to the sum of their separate 

tsistances. For example, if four conductors having separate 
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resistances of 8, 12, 22, and 34 ohms, respectively, are con- 
nected in series, their total or joint resistance would be 
8 + 12 + 22 + 34 = 70 ohms. 

44. The microlmi is a unit of resistance devised to 
facilitate calculations and measurements of exceedingly 

small resistances, and is equal to one millionth ( \ of 

\ 1,000, 000/ 

an ohm. Hence, to express the resistance in microhms^ 
multiply the resistance in ohms by 1,000,000; and, con- 
versely, to express the resistance in ohmSy divide the resist- 
ance in microhms by 1,000,000. For example, .75 ohm = 
.75 X 1,000,000 = 750,000 microhms; or, 750,000 microhms 
= 750,000 -T- 1,000,000 = .75 ohm. 

45. The mesoliiii is a unit of resistance, devised to 
facilitate calculations and measurements of exceedingly 
large resistances, and is equal to 1,000,000 ohms. There- 
fore, to express the resistance in megohms^ divide the resist- 
ance in ohms by 1,000,000; and, conversely, to express the 
resistance in ohms^ multiply the resistance in megohms by 

1,000,000. For example, 850,000 ohms = i^q^q = '^^ 

megohm; or, .85 megohm = .85 X 1,000,000 = 850,000 ohms. 
The megohm is used chiefly to measure the resistance of 
bad conductors and insulators 

46. In order to compare the resistances of different sub- 
stances, the dimensions of the pieces to be measured must be 
equal; for, by changing its dimensions, a good conductor 
may be made to offer the same resistance as an inferior one. 
Under like conditions, annealed silver offers the least resist- 
ance of all known substances. Soft, annealed copper comes 
next on the list, and then follow all other metals and con- 
ductors. 

The resistance of a given conductor, however, is not always 
constant; it changes with the temperature of the conductor. 
In all metals, the resistance increases as the temperature 
rises; in liquids and carbons, the resistance decreases as the 
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temperature rises. The amount of variations in the resist- 
ance caused by a change in temperature for one degree is 
called the temperature coefficient. The temperature 
coefficients for the common metals are given in Table 1 for 
degrees Fahrenheit. These coefficients, however, only hold 
true for a limited change of temperature, and should not be 
used with extreme changes. The rules given below, making 
use of these coefficients, are not absolutely accurate, but 
enough so for practical pur|)oses. 

To find the resistance of a conductor after its temperature 
has risen, knowing its original resistance and the number of 
degrees rise, other conditions remaining unchanged: 

Let r, = the original resistance ; 

r, = the resistance after a change in temperature ; 

k = the temperature coefficient; 

/ = rise or fall in temperature, degrees Fahrenheit. 

Then, for a rise in temperature, 

^ = ^ (1 + ' t). (4.) 

That is, the resistance of a conductor after its temperature 
has risen may be obtained by multiplying the original resist- 
ance by one plus the product of the number of degrees rise and 
the temperature coefficient. 

Example. — The resistance of a piece of copper wire at 32** F. is 
40 ohms: determine its resistance when its temperature is 52'' F. 

Solution. — ^ = 40 ohms ; 

k =.002155 (from Table 1); 
/ = 52 — 32 = 20 degrees. 

By formula 4, the required resistance r, = ri (1 -+- />t) = 40 (1 + 20 X 
.002155) = 40 X 1.0431 = 41.724 ohms, Ans. 

47. To find the resistance of a conductor after its tem- 
{>erature has fallen, knowing its original resistance and 
the number of degrees fall, other conditions remaining 
unchanged : 

For 2ifall in temperature, r^ = ^ , . (5«) 

1 -J- / fc 
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That is, the resistance of a conductor after its temperature 
has fallen may be obtained by dividing the original resistance 
by one plus the product of the number of degrees fall and the 
temperature coefficient. 

Example.— The original resistance of a piece of German-silver wire 
is 16 ohms, find its resistance after its temperature has fallen 22° P. 

Solution. — 7? = 16 ohms ; 

k = .000244 (from Table 1); 
/ = 22° F. 

By formula 5, the required resistance 

r, = ^ = ^ = 15__- =- 15.0145 ohms. Ans. 

^^ \TTk 1 + 22 X .000244 1.006368 ^"•''^*' """**• ^ ** 

48. Specific resistance is the term given to the 
resistance of substances of unit length and unit sectional 
area at some standard temperature. In what follows, the 
specific resistance of a substance is the resistance of a piece 
ot that substance one inch in length and one square inch in 
sectional area at 32° F., that is, at the temperature of 
jnelting ice; this may also be expressed as the resistance of a 
cube of that substance taken between two opposing faces. 

A list of the common metals is given in Table 1, in the 
order of their relative resistances, beginning with silver, 
which offers the least resistance. The first column of figures 
gives the specific resistance in microhms of 1 cubic inch of 
the corresponding metal at 32° F. By applying formula 
1, the resistance of any conductor of known dimensions 
which is made of one of the metals in the table can be deter- 
mined. The second column of figures gives the relative 
resistance of the different metals compared with silver. 
For example, the resistance of mercury is 62.73 times the 
resistance of silver, or the resistance of iron is 6.46 times 
the resistance of silver, and so on. 

Example. — Find the resistance in ohms of a round column of mer- 
cury 70* high and .05' in diameter. Ans- 1.8244 ohms. 

Example. — Find the resistance in ohms of 1 mile of square iron 
i^ire (annealed) .1' on a side. Ans. 242852 ohma 
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TABLE 1. 



Name of Metal. 


Resistance, 

Microhms per 

Cu. In. 


Relative 
Resistance. 


Temperature 
Coefficient. 


Silver, annealed 


.5921 


1.000 


. 002094 


Copper, annealed 


. 6292 


1.063 


.002155 


Silver, hard-drawn 


.0433 


1.086 


.002094 


Copper, hard-drawn . . . 


.6433 


1.086 


.002155 


Gold, annealed 


.8102 


1.369 


. 002028 


Gold, hard-drawn 


.8247 


1 . 393 


.002028 


Aluminum, annealed.. 


1.1470 


1.935 




Zinc, pressed 


2.2150 


3.741 


. 002028 


Platinum, annealed. . . . 


3.5650 


6 . 022 




Iron, annealed 


3 . 8250 


6 . 460 




Nickel, annealed ....... 


4 . 9070 


8.285 




Tin. pressed 


5 . 2020 


8.784 


. 002028 


Lead, pressed 


7 . 7280 


13.050 


.002150 


German Silver . . 1 


8 . 2400 


13.920 


.000244 


Antimony, pressed. . . . 


13.9800 


23 . 600 


.002161 


Mercury 


37.1500 


62.730 


. 000400 


Bismuth, pressed. ..... 


51.6500 


87.230 


.001967 



49. In a simple voltaic cell the internal resistance — that 
is, the resistance of the two plates and the electrolyte — 
js of great importance, for it determines the maximum 
strength of current that can possibly be obtained from the 
cell. In the common forms of cells, the internal resistance 
may be excessively large, owing to the resistance of the 
electrolyte, the sp>ecific resistance of ordinary liquids used 
as electrolytes being from 1 to 20 million times that of the 
common metals. In liquids, as in all conductors, the resist- 
ance increases as the length of the circuit increases, and 
diminishes as its sectional area increases. Hence, the 
internal resistance of a simple voltaic cell is reduced by 
decreasing the distance between the plates or elements and 
by increasing their active surfaces. The internal resistance 
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of the ordinary forms of cells varies from about .2 m 20 J 
oh ins. 

50. For practical and commercial testing, the standard I 
column of mercury, representing the resistance of one ohm, I 
has been replaced by a coil of J 
wire, usually a platinum-silver] 
alloy. The coil is carefully ca!- 1 
ibrated to offer a resistance o£l 
exactly one ohm at some con-J 
venient temperature, and i 
enclosed in a metallic case, thel 
connections to the two endso£a 
the coils being made by twal 
heavy terminals of copper wire I 
passmg up through the hard-C 
rubber cover. Such coils aref 
known as standard ohm coils. I 
The commercial form of standard ohm coils is shown in Fig, 36. J 

5 1 • An apparatus called a reslatance-box or rlicosCatj 

is largely used for reducing or controlling the strength oM 
currents in various circuits. Such 
rheostats are connected directly 
in sirifs or shunt with the cir- 
cuit, and are termed dead re- 
sistances. The resistance in these 
rheostats is usually made adjust- 
able; that is, -the amount of re- 
sistance which they offer may be 
varied at the will of the operator 
by the use of a sliding contact, 
or by removable plugs. Rheo- 
stats in which the amount of re- 
sistance is varied by sliding con- 
tacts are used mostly where 
accuracy is of less importance 
and where the currents are com- 
paratively large. 
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, Fig. 37 shows a typical furm of sliding-cimtacl rheostat. 

I this particular rheostat, the coils of resistance wire are 

ioted to a row of contact pieces D, as shown in the 

[agram, Fig. 38. The current enters the rheostat through 

: terminal A, passes through the movable ami C, and 

1 through all the resist - 

E-coils between the con- 

ict piece on which the arm 

and the terminal Jf. 

"hen the arm rests upon the 

L contact piece, as shown 

the full lines in this dia- 

am, all of the resistance is 

said to be ia circuit ; that Is, 

the current passes through all 

the coils. By moving the arm 

to the left, towards the tcr- ''™ "^ 

minal H, as shown bjr the dotted lines, the coibi connected 

to the contact pieces which have been passe<l over by the 

arm are said to be cut out of circuit, and the current passes 

through the remaining coila only. 




52. Rheostats in which the rcnistanoe is adjusted by 

means of removable plugs are employed in laboratory prac- 

^tjce, where small currents are used and where great accuracy 

^Bk required. The resistance-coils in these rhcosUttB arc 

^HkKlosed in a wooden box, and the actual re!U»tance of each 

^^Kril is carefully determined. A resistance-box offering lO.iXj'l 

^^■Uns resistance is shown in Fig. 39, the fteparate oiU 

^^Btering resistances from one ohm up to fi,<KN) ohms. The 

^Efieration of adjusting the resistance by means of the rcmuv- 

ahle plugs can be seen from the diagram in Fig. 40. The 

contact pieces a, t, c, etc., are arranged side by side on the 

top of the case and are separated from each other by a small 

air-space. The ends of each contact piece are provided with 

a tapered recess in Kuch a manner as to allow a metallic 

; to be inserted between them and thereby connect the 

< together electrically. The current passes into the 
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rheostat liy the terminal .1, and whcri ail the Jililgs , 
removed Hows consecutively through all the coils 1, 3, S, i, 5. 




and ff to the terminal />. The total resistance of the rheo- 
stat can be lowered by inserting the plug 7' bet ween the 



Si^^ 



d c b a 



f I s S I T 



contact pieces; tin's operation short-dreuiti, or ctits out, the 
particular coil connected to the two contact pieces, or, 
other words, the current, instead of Howing through the coils, 
passes directly from one contact piece to the other through 
the metallic plug, 

S3. Electrical resistance may be measured by an appa- 
ratus called a Whicatnlune bridge. A bridge, when 

ctimpletcd. ready for taking measurements, consists of three 
mam parts: (1) an adjustable resistance-box containing a 
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faumber of coils, the exact resistance of each coil being 
known ; (2) a galvanometer for detecting small currents, and 
('J) a battery of several cells. The coils of the resistance- 
box are divided into three groups, two of which are called 
proportional or balance aritix, and the third is known 
as the adjustable arm. Each proportional arm is com- 
posed of three and sometimes four coils of 1, 10, 100, and 
1,0(H) ohms resistance, respectively. The adjustable arm 
contains a targe number of coils ranging from .1 ohm up to 
f ,000 ohms. 

■ The operation of the bridge depends upon the principle 
^ the relative differerice of potential between two points 
I divided circuit of two branches. The electrical coa- 
ictionsof the bridge are shown in the diagram, Fig, 41. 




^represents the resistance of one of the balance arms, which 
will be termed for convenience the tipptr balance arm; 
A' represents the resistance of the other balance arm, which 
will be termed the letver balance arm; P represents the 
resistance of the adjustable arm, and X represents an 
unknown resistance, the value of which is to be determined. 
One terminal of the delecting galvanometer G is connected 
at c, the junction of the upper balance arm and the 
unknown resistance; the other terminal is connected at d, 
the junction of the lower balance arm and the adjustable 
arm. One pole of the battery is connected at a, the junc- 
tion of the iwri balance arms; the other pole at b, the 
iDCtion of tht- adjustable resistance and the unknown 
distance. The current from the battery divides at a, part 
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of it flowing through resistances M and X, and the rest 
through N and 1\ When the resistances J/, N^ P^ and X 

fulfil the proportion -^ = -75, then the two points c and d will 

have the same potential, and no current will flow through 
the galvanometer G. Since the resistances of M^ N^ and P 
are known, the resistance of X will be given by the f unda- 

mental equation A^= -^ X /*, when the arms are so adjusted 

as to cause no deflection of the galvanometer. For example, 
suppose that the two ends of a copper wire are connected to 
the terminals b and r, and after adjusting the resistance in 
the arm so that the galvanometer shows no deflection, the 
resistances of the difterent arms read as follows : J/= 1 ohm, 
N =■ 100 ohms, and 7^= 112 ohms. Then, substituting these 
values in the fundamental equation gives 






X 112 = 1.12 ohms. 



64. The actual various forms of resistance-boxes used 
with the bridges differ widely from the diagram, but all are 








L 
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Fig. 42. 



based upon this same principle and fundamental equation. 
A common pattern of resistance-box for this purpose is con- 
structed similar to the adjustable rheostat, as previously 
described, where the adjustments are made with removable 
plugs. Ordinarily the contact pieces are arranged in the 
shape of a letter S, and the galvanometer and battery 
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circuits arc connected as shown in Fig. 42. The position of 
the two balance arms and the adjustable arm can be readily 
seen by comparing the connections of the battery and 
galvanometer circuits with those in the original diagram. 
A' and K' represent keys for opening the circuits when the 
plugs are withdrawn or inserted in varying the resistanceor 
when the bridge is not In use. In this particular c^ase, the 
[,(K)0-ohm plug in the upper balance arm is supposed to be 
drawn, and therefore M = 1,()IK) ohms. In the lower bal- 
ance arm the 10-ohm plug is supposed to be drawn, and 
therefore aV— 10 ohms. In the adjustable arm the follow- 
ing plugs arc supposed to be drawn: 1, 2, 5, 10. 20, 100, 200, 
500, 2,000. and 3,000 ohms; therefore, the resistance P is 
the sum of these resistances, or 5,838 ohms. If, under these , 
conditions, there is no deflection of the galvanometer when 
the two keys A' and A'' are pressed and both circuits are 
closed, the resistance of X will be 583,800 ohms; for sub- 
stituting the values of J/, X, and P in the fundamental 



.1/ 
ation gives X= -^ X P 



IJWO 

llJ 



X 5,838 = 583.800 ohms. 



Fig. 43 .shows a special pattern of resistance -box for a 
Wheatstone bridge, in which the coils of the adjustable 




arm are arranged in the form of four dials. This pattern is 
known as the dial pattern, and is widely used in making 
resistancemeasurements. 
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Example. — The diagram in Fig. 44 represents a particular type of 
Wheatstone's bridge to which a battery and galvanometer are properly 
connected for measuring unknown resistances. An unknown resist- 
ance X is connected to the terminals A and //; when the plugs a, ^,/, 




Pig. 44. 

^, /* ^, f/i, q, and / are drawn, and when both the contact keys A'and K 
are pressed, the galvanometer shows no deflection. Determine the 
resistance of x. 

Solution. — From the connections of the galvanometer and battery 
circuits, it will be seen that the resistance-coils in line 6^ // represent 
the upper balance arm iT/of the bridge; that the coils in the line EP 
represent the lower balance arm N^ and that the coils in the lines 
A B and CD represent the adjustable arm P. From the fundamental 
equation of the Wheatstone bridge, X (the unknown resistance) = 

\j X P' In this particular case, the plug / in the upper arm is drawn; 

iV 

hence, M — 10 ohms; in the lower arm q is drawn; hence, N = 1,000 
ohms; and in the adjustable arm, the plugs tf, <f,y, g^ /, >t, and m are 
drawn ; hence, P = 1,000 -+- 100 + 50 -+- 20 -+- 10 -+- 2 -+- 1 = 1,183 ohms. 

Substituting these values in the fundamental equation gives X^=z-=^y^ 



/' = 



10 



1.000 



X 1,183 = 11.83 ohms. Ans. 



55. The V«lt, or the Practical Unit of Electro- 
motive Force. — In mechanics, pressures of all kinds are 
measured by the effects they produce ; similarly, in electro- 
technics, potential is measured by the effect it produces. 

It has been shown that electrical potential will cause 
an electric current to flow against the resistance of a con- 
ductor, and also how the units of resistance and current are 
obtained. It follows that a ////// potential would be that 
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llcctromotive force which wotiUl ni;iiiitain a current of unit 
strength in a circuit whose resistance is unity. By defini- 
tion, therefore, the iw//, ur f/w firacticul unit of polcnlial, is 
that electromotive force which witl maintain a current of 
one ampere in a circuit whose resistance is one ohm. With a 
known resistance in ohms and a known strength of current 
in amperes, the electromotive force in volts is determined by 

hm's law, Art- 34; f<>r, by transposing, Ii=C R. 

This method of determining the potential of a circuit can 
tje readily shown by the following illustration: Suppose, 
for example, it is desired to determine the electromotive 
force in volts required to drive a current of 3 amperes 
through a certain copper wire. In the first place, the resist- 
ance of ike copper wire is found by Wheatstone's bridge as 
previously described. For convenience, it is assumed that 
its resistance is found to be 1.2 ohms. Then the electromo- 
tive force E required to drive U amperes through the wire 
will be a. -I volts; for, by substituting, i: = C /? = 2 X 1.2 = 

i volts. 

The maximum difference of potential developed by any 
t&gle voltaic couple ]}laced in any electrolyte is about 

SS volts; in the common forms of cells, the difference of 
ential developed averages from .75 to 1.75 volts. 



58* When several cells are connected in series, the total 
electromotive force developed will be equal to the sum of the 
electromotive forces developed by the separate cells; or, if 
the cells are composed of the same voltaic elements, the 
total electromotive force developed will be equal to the 
electromotive force of one eel), multiplied by the number 
of cells in series. For example, a battery is comjjosed of 
13 cells connected in series, and the electromotive force in 
each cell is l.fi volts; the total electromotive force of the 

lattery is, therefore, 1.5 X 12 = 18 volts. 
fajConnecting cells in parallel, or mulliplf-arc, does not 

[trease the electromotive force of a battery; the electro- 
tive force will always be equal to the electromotive force 

Botic cell, no matter li<iw many cells are connected to the 
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main conductors, provided, of course, that all cells develo] 
equal electromotive forces. 

57, Measuring instruments called voltmeters have | 
been devised for indicating electromotive forces and differ- - 
cnces of potential directly in volts. Principal among these \ 
are the Cart/civ and M-'ci/ww voltmeters. 

The Carclew voltmeter. Fig. 45, depends for its opera- 
tion upMii the linear expansion of a metallic wire when ' 
heated by an electric current. The expansion 
wire If is enclosed in a long cylindrical case a, [ 
' and is attached in such a way that its expan- ] 
sion causes a small grooved wheel on the axis ! 
of the index needle to revolve in one direction ' 
when the wire expands or lengthens, and in the ' 
opposite direction when the wire contracts or 
shortens. The movements of this wheel cause ( 
the index ^ to move over tJie scale. Since the ' 
resistance is nearly constant, the current that 
will flow is proportional to the E. M. F. ; the 
greater the E. M. F. the more the wire will be 
expanded, and the greater will be the conse- 
quent deflection. The resistance of the wire, 
however, is so large as to permit only a weak 
current to pass through it when the needle is 
deflected over the entire scale. A Cardew volt- 
meter which indicates up to 100 volts has a 
Kiti. ■« resistance of about 500 ohms. The circular 

scale is divided into small divisions, each representing one 
volt, or fractions, or multiples of one volt. 

58. The Weston voltmeter. Fig. 40, is based upon the 
same principles as the Weston ammeter, and in appearance 
is quite similar to it. Its internal resistance, as in all volt- 
meters, is exceedingly large; the resistance of a Weston 
voltmeter for indicating up to 150 volts is about 19,000 
ohms, while the resistance of a Weston ammeter, measuring 
strengths of currents up to 15 amperes, is only .0022 ohm. 
It will be seen that, owing to the great resistance, the 
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exceedingly small. 
described above, when 




urrent passing thmugh a 
►or example, in the i 
tadtcating 150 volts, the 
urrent, by Ohm's law, 
I only 150 -i- 19.000 = 
1079 ampere. All volt- 
meters are provided 
with at least two ter- 
minals, or binding- 
jsls, such as fi and /', 
S. Connections 
: made by two sepa- 
; conductors, called 
feUfirtrr leads, f r n m 
^ese binding-posts to 
; of potential, oi 
neasurcd. 

I The Weston voltmeters usually have a^tbird binding-post 
which when used with /' corresponds with a second 
graduated scale situated directly under the main scale, one 
Hvision of the upper scale having the value of two lower 
llivisions. The majority of voltmeters are also provided with 
L contact button b, which when pressed closes the circuit 
ind allows the index needle to be deflected by the current. 
RThen the pressure upon the button is relaxed, the circuit is 
lened, and the index needle returns to the zero mark. 



ro points between which the dif- 
the electromotive force, is to be 



50. The methods of connecting 
voltmeters and ammeters for measur- 
ing electromotive forces and currents 
of various circuits should be thor- 
oughly understood. Suppose, for ex- 
P» ample, that the terminals of a battery 
composed of four cells connected in 
series are connected to an unknown 
resistance, and it isdesired toknow the 
ingth of current flnwinL; through the circuit, and also the 
Ifference of potential reijuircil to drive that current through 
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the unknown resistance when the only instruments avail- 
able are an ammeter and a voltmeter. In Fig. 47 let B rep- 
resent the battery and R the unknown resistance; C^ C\ and 

C are three large conductors 
for making necessary connec- 
tions. With the connections as 
shown, there is practically a 
continuous current flowing 
through the closed circuit, that 
is, from the battery through the 
conductors and the unknown 
resistance. The first step is to determine the strength of 
this current by the use of an ammeter. Assuming that the 
battery is constant, that is, that the electromotive force 
developed in it does not vary, then, so long as the resistance 
of the circuit is not altered, the strength of the current will 
remain unchanged and ivillbe the same in all parts of the cir- 
cuit. Hence, if -an ammeter be inserted in any part of the 
circuit, as between C and C\ Fig. 48, it will measure the total 
strength of current flowing through the entire circuit. As 
has been stated, the internal resistance of the ammeter is so 
small that its insertion makes no appreciable change in the 
total resistance of the circuit, and therefore does not to 
any extent affect the current flowing. For convenience, 
assume that the strength of the current flowing in the cir- 
cuit is found to be 1.2 amperes. The next operation is to 
find the electromotive forc« required to drive a current of 
1.2 amperes through the resistance A^; or, in other words, 
to find the difference of potential between the terminals 
/ and /' when a current of 1.2 amperes is flowing in the cir- 
cuit. This is accomplished by connecting the two terminals 
/ and /', Fig. 40, of the unknown resistance A\ to the two bind- 
ing-posts / and /' of the voltmeter V, M. by two voltmeter 
leads / and /'. Any small wires of reasonable length can be 
used for voltmeter leads, as the current they transmit is 
exceedingly weak, owing to the extremely high resistance of 
the voltmeter. After pressing the contact button, assume 
the needle indicates a potential of (> volts; this, then, is the 



DYNAMOS AND MOTORS. 



;tromotive fori^e required to fortrc 
jBpcres through the unknown resistanci 
^rds, the difference of potential 
btweeti the terminals i and /' 
\ volts. From these readings of C 
current and voltage, and by 
: application of Ohm's law, the 
tsistancc Ji of the circuit between 
and /' can be determined. By 
Ohm's law can be trans- 



sed from the equation C = ', to 

E 
= y. and be equally true; this sig- 




V.M. 



■fies that the resistance R of any 

onductur, or circuit, is equal to the electromotive force, 
or the difference of potential E in volts, divided by the 
strength of current C in amperes, flowing through that 
gircuit or conductor. In the previous case, it has been 
mnd that it requires an electromotive force of G volls to 

(five a current of 1.2 amperes through the resistance R ; 



■e, from Ohm's law R= - 



- = 5 ohms. 



APPLICATIONS OP OHM'S LAW. 



TO CLOSED CIHCL'ITS. 

1 60. The following facts are to be carefully noted regard- 
application of Ohm's law to closed circuits: 
I 7~he strmgl/i of current (C ) it the same in all farts of a 
'used circuit, except in the cases of derived circuits, -whrrt 
t sum of the currents in the separate branches is always 
fual to the current in the main or undivided circuit. 
The resistance {R) is the resistance of the internal circuit 
plus the resistance of lite external circuit. 

The eleetromolivc force (E) in a closed circuit is the lolal 
derated difference of potential in that circuit. 
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61. The following formula may be used to determine 
the strength of current in amperes flowing in a closed circuit 
when the electromotive force and the total resistance are 
known : 

C=^ (6.) 

where C = current in amperes ; 

E=z electromotive force in volts; 
R = resistance in ohms. 

That IS to say, the strength of current in amperes is found 
by dividing the electromotive force in volts by the total resist- 
ance iji ohms. 

Example. — The two electrcxles of a simple voltaic cell are connected 
by a conductor whose resistance is 1.6 ohms. If the internal resistance 
of the cell is 5 ohms and the total electromotive force developed is 1.75 
volts, what is the strength of current flowing in the circuit ? 

Solution. — Let n = the internal resistance and r* = the resistance 
of the copper wire. Then, J^ = n-h r^ = 1.6 -h 5 = 6.6 ohms, the total 
resistance of the circuit. Then, by formula 6, the current 

^ £ 1.75 ^^^ . 

c = -Ts = s-^ = .265 ampere. Ans. 
A o.o 

62. The following formula may be used to find the total 
resistance in ohms of a closed circuit when the electromotive 
force and the strength of current are known: 

R=§, (7.) 

the letters having the same significance as in formula 6. 
By formula 7 it will be seen that the resistance in ohms of a 
closed circuit is found by dividing the electromotive force in 
volts by the current in amperes. 

Example. — The total electromotive force developed in a closed 
circuit is 1.8 volts and the strength of the current flowing is .6 ampere; 
find the resistance in ohms. 

Solution. — By formula 7 the resistance 

^ = 7^ = -V = 3 ohms. Ans. 

C .0 
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63. The following formula m;iy he used to find the tnt;il 
I electromotive force in volts developed in a dosed circuit 
I when the strength of current and the total resistance are 
, known: 

E=CR. (8.) 

The letters have the same meaning as in formulas 6 
I 3nd 7. We find here that the elfctromoUvc force in volts 
dn'eloped in a closed circuit is obtaimd by multiplying together 
\ the current in amperes and the resistance in ohms. 

Example.— The internal resistance of a closed circuit is 2 ohms and 
f the external resistance is 8 ohms; if the current flowing is .4 ampere, 
I what is the electromotive force developed ? 

Solution. — Let ri = the internal resistance and r, = the external 
1 resistance. Then, ff = r( + r, = 3 + 3 = 5 ohms. By formula 8' llie 
I electromotive force E= C R = ,4 x 5 = 2.0 volts. Ana 



TO OROP, OR LOSS. OF POTKNTIAI. 

64. Referring again to water flowing in a pipe, it is 
I evident that although the quantity of water which passes is 
I the same at any cross-section of the pipe, the pressure per 
I square inch is not the same. Even in the case of a hori- 
I contat pipe of the same diameter throughout, the water 
I when flowing suffers a loss of head or pressure. It is this 
difference of pressure that causes the water to flow between 
two point-s against the friction of the pipe. 

This is precisely similar to a current of electricity flowing 

f through a conductor. Though the quantity of electricity 
that flows is equal at all cross- sections, the electromotive 
force is by no means the same at ail points along the con- 
ductor. It suffers a loss, or drop, of electrical potential in 
the direction in which the current is flowing, and it is this 
difference of electrical potential that causes the electricity 
to flow against the resistance of the conductor Ohm's law 
not only gives the strength of the current in a dosed cir- 
I cuit, but also the difference of potential in volts along that 
l-circuit. The difference of potential {£') in volts between 
I any two points along a circuit is equal to the product of the 
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strength of the current {C) in amperes and the resistance 
{R') in ohms of that part of the circuit between those two 
points, or E' = C R'y which is an example of the use of 
formula 8. E' also represents the loss^ or drop^ of poten- 
tial in volts between the two points. If any two of these 
quantities are known, the third can be readily found; for, 

E' E' 

by transposing, C =^ -jjf and R* = -^, as already given in 

formulas 6 and 7. 

Example. — Fig. 50 represents part of a circuit in which a current of 

a h e d ^ amperes is flowing. The resist- 

* * » ^ * ance from <i to ^ is 1.5 ohms, from 

Fig. 60. bto c is 2. 3 ohms, and from c \od\s 

8.6 ohms. Find the difference of potential between a and ^, k and r, 

c and r/, and a and d. 

Solution.— Since, by formula 8, E' = C R\ then, 
the difference of potential between a and ^ = 8x1- 5 = 4. 5 volts. 

*• •• " ^ and r = 8x 2.8 = 6.9 •• 

•* •• •• •• '• r and r/= 8x8.6 = 10.8 " 

•* *• " /z and r/ = 4.5 4- 6.9 4- 10.8 = 

22.2 volts; or, in other words, the loss^ or drop, of potential caused by 
a current of 8 amperes flowing between a and d is 22.2 volts. 

65. In a great many cases it is desirable to have the 
current flow from the source a long distance to some elec- 
trical receptive device and return without causing an exces- 
sive drop, or loss, of potential in the conductors leading to 
and from the two places. In such circuits, the greater part 
of the total generated electromotive force is expended in the 
receptive device itself, and only a small fraction of it is lost 
in the rest of the circuit. Under these conditions, it is cus- 
tomary to decide upon a certain dro/)^ or loss^ of potential 
beforehand, and from that and the current calculate the 
resistance of the two conductors. 

Example. — It is desired to transmit a current of 5 amperes to an 
electrical device situated 500 feet from the source; the total generated 
E. M. F. is 120 volts, and only -^oi this potential is to be lost in the 
conductors leading to and from the receptive device, (a) Find the 
resistance of the two conductors, and (/^) find the resistance per foot of 
the conductors, assuming each to be SOO^feet long. 
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Solution. — (a) -f^ of 130 volts =12 volts, which represents the 
drop^ or loss^ of potential on the two conductors. Let E' = 12 volts; 
C = 5 amperes, and R' = the total resistance of the two conductors. 

f -[2 
Then, by formula 7, R' = ~ = —- = 2A ohms. Ans. 

(fi) The resistance per foot of the conductor is found by formula 1. 
In this case, r. = 2.4 ohms; /, = 1.000 feet; /« = 1 foot. Then the re- 
sistance per foot, 

r, = \^,^^ = .0024 ohm. Ans. 



TO VOLTAIC CELLS. 

66. The difference of potential between the two elec- 
trodes of a simple voltaic cell when no current is flowing — 
that is, when the circuit is open — is always equal to tne total 
electromotive force developed within the cell; but when a 
current is flowing — that is, when the circuit is closed— di cer- 
tain amount of potential is expended in forcing the current 
through the internal resistance of the cell itself. Hence, the 
difference of potential between the two electrodes when the 
circuit is closed is always smaller than when the circuit is 
open. This difference of potential between the two elec- 
trodes when the circuit is closed is sometimes called the 
available or external electromotive force, to distinguish it 
from the internal ox total generated cleciromol'iwe force. 

67. To find the available electromotive force of a cell, 
let E = the total generated E. M. F. ; 

E' z=z available E. M. F. when the circuit is closed; 
C = the current flowing when the circuit is closed; 
r< = the internal resistance of the cell. 

Then, the drop, or loss, of potential in the cell = Cr,, 
and the available electromotive force, 

E'^E- Cr,. (9.) 

TJu available electromotive force of a cell is equal to the dif 
ference between the total generated electromotive force and the 
potential expended in forcing the current through the internal 
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resistance of the cell when the circuit is closed. From Ohm's 
law, this loss, or drop, of potential in the cell itself is equal 
to the product of the internal resistance in ohms and the 
strength of the current in amperes flowing through the 
circuit. 

Example. — In a voltaic cell, the total generated E. M. F. is 2.2 volts 
and the internal resistance is .8 ohm. If a current of 1.2 amperes flows 
through the cell when the circuit is closed, what is the available 
E. M. F. , or, in other words, the difference of potential between the two 
electrodes ? 

Solution. — Let i^' = the available E. M. F. ; -£'=the total gener- 
ated electromotive force; C=the current in amperes; and n = the 
internal resistance. 

Then, by formula 9, 

E' z^E-Cn^ 2.2 - (1.2 x .8) = 1.24 volts. Ans. 



TO DBRIVBD CIRCUITS. 

68. In treating upon derived circuits, only that part of 
the circuit will be considered which is divided into branches 
and each branch transmitting part of the total current; the 
rest of the circuit is assumed to be closed through some elec- 
tric source, as, for instance, a voltaic battery. 

Before applying Ohm's law to derived circuits, the word 
conductivity should be thoroughly understood. Conductivity 
can be defined as the facility with which a body transmits 
electricity, and is the opposite of resistance. For example, 
copper is of low resistance and high conductivity; mercury 
is of high resistance and low conductivity. In other words, 
conductivity is the inverse or reciprocal of resistance. 
There is no established unit of conductivity; it is used 
merely as a convenience in calculations. For example, if the 
resistance of a circuit is 2 ohms, its conductivity is repre- 
sented by one-half; if the resistance is increased to 4 ohms, 
the conductivity would only be one-half as much as in the 
former case and would be represented by one-quarter. 

The conductivity of any conductor is, therefore, unity 
divided by the resistance of that conductor; and, conversely. 
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the resistance of any conductor is unity divided by its con- 
ductivity. 

69. Fig. 51 represents a derived circuit of 2 branches. 

Let r, and r, = the separate resistances of the two 
branches; r, and r, = the separate currents in each branch, 
respectively, and C = the sum of the currents in the two 
branches; that is, the current in the main or undivided 
branch. Then, r, -f r, = {7, and C— c^ = c^. 

When the current flows from a to b, if the resistances 
r, and r, are equal, the current will divide equally between the 
two branches; thus, if a r. 

zt y 



current of 2 amperes is 
flowing in the main circuit, 
one ampere will flow 
through each branch. ^'*^- **• 

When the resistances of the two branches are unequal, the 
current will divide between them in inverse proportion to 
their respective resistances. In Fig. 51 the resistances of 
the two branches are r, and r,. Therefore, r, : r, :: r, : r,. 

By algebra, this proportion gives the two following 
formulas: 

Cr 
For the first branch, r, = — -^—, (lO.) 

That is, of two branches in parallel, dividing from a viain 
circuit, the current in the first branch is equal to the current 
in the main multiplied by tlu resistance of the second branch, 
and the product divided by the sum of the resistances of the 
two brandies, 

Cr 
For the second branch, r, = —^—. (11.) 

Of two branches in parallel, dividing from a main circuit, 
the current in the second branch is equal to the current in the 
main multiplied by the resistance of the first branch, and the 
product divided by the sum of the resistances of the two 
branches. 
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Example. — Suppose the resistance ri of the first branch is 2 ohms, 
and the resistance ra of the second branch is 3 ohms, find the separate 
currents Ci and r, in the two branches, respectively, when the current 
C in the main or undivided branch is 60 amperes. 

Solution. — r, = 2 ohms, r, = 3 ohms, and C = 60 amperes. To find 

the current Ci in the first branch, substitute these values in formula 

-^ ...... Cr, 60x3 180 ^^ . 

lO, which will give Ci = - = -^ — ~ = -^r- = 36 amperes. Ans. 

To find the current ra, in the second branch, substitute these values 
in formula 11, which will give 

Cn 60x2 120 ^. - 

c% = = Tj i^ = -F- = 24 amt>eres. Ans. 

ri + ra 2 + 3 5 ^ 

70. It is clear that two conductors in parallel will con- 
duct an electric current more readily t}ian one alone; that 
is, their joint conductivity is greater than either of their 
separate conductivities taken alone. This being the case, 
their resistances must follow the inverse law — viz., the joint 
resistance of two conductors in parallel must be less than 
either of their separate resistances taken alone. 

Rule. — If the separate resistances of two conductors are 
equals their joint resistance ivhen connected in parallel is one- 
half of the resistance of either conductor. 

For example, take two conductors, the separate resistance 
of each being 2 ohms, and connect them in parallel; their 
joint resistance will then be one-half their separate resist- 
ance, or 1 ohm. 

71. When the separate resistances of two conductors 
in parallel arc unequal, the determination of their joint resist- 
ance when connected in parallel involves some calculation. 



In Fig. 51, the conductivities of the branches are — and 
— . Hence, their joint conductivity when connected in 



^ 



1 \ T —I— Y 

parallel is \ = -' i; now, since the resistance of 

^ r. r. r.r. 



1 a 



any conductor is the reciprocal of its conductivity, then 
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the joint resistance of the two branches in parallel is 

T -I- T 

the reciprocal of their joint conductivity; or, 1 -5- "^ — ^ — 



T T 



T T 

' * Hence, joint resistance 



^+^ 



ie" = -^. (12.) 




That is, the joint resistance of two conductors coniiectcd in 
parallel is equal to the product of their separate resistances 
divided by the sum of their separate resistances. 

Example. — In Fig. 51, given n = 2 ohms and ri = 8 ohms; find 
their joint resistance in parallel. 

Solution.— From formula 12, their joint resistance R' = — ^ — - = 

ri 4- r% 

2 — 5 = -jT- = H ohms. Ans. 

72. Fig. 62 represents a divided circuit of three 

branches. Let r^, r„ and r, ^^ 
be the separate resistances 

of those branches, respect- ■ ^ ^ \ ^^- \^ 

ively. Then, — , — , and — 

represent the separate con- 
ductivities of the three branches, respectively. Their joint 

conductivity = — h - = — ^— ^-^ — ^— . Since the 

joint resistance is the reciprocal of their joint conductivity, 
then it is equal to 

r, r, r. r, r, + r, r, + r, r/ 

Hence, the joint resistance of three branches in parallel 

R'' = A^^^^^ • ( 1 3.) 

That is, ///^ joint resistance of three or more conductors 
connected in parallel is equal to the reciprocal of their joint 
conductivity. 

Example. — In Fig. 52. given, r, = 5 ohms; r% = 10 ohms; and /'a = 
20 ohms; find their joint resistance from a to d. 



68 DYNAMOS AND MOTORS. § 28 

Solution. — By formula 13, their joint resistance 

j^... r, r, r, _ 5 X 10 X 20 _ 1,000 _ ^ 

" r, r, + rx r, 4- ri r, "" 10x204-5x20 + 5x10 "" 850 " 7 
= 2f ohms. Ans. 

73. In a derived circuit of any number of branches, the 
difference of potential between where the branches divide 
and where they unite is equal to the product of the sum of 
the currents in the separate branches and their joint resist- 
ance in parallel, as will be apparent from consideration of 
Ohm's law, Art. 34, 

For example, if the currents in the three branches, Fig. 62, 
are IG, 8, and 4 amperes, respectively, and the joint resist- 
ance from a to b is 2f ohms, then the difference of 

20 
potential between a and * = (1 6 + 8 -f 4) X 2f = 28 X ■=- = 80 

volts. 

74. The separate currents in the branches of a derived 
circuit can be determined by finding the difference of poten- 
tial between where the branches divide and where they 
unite, and dividing the result by the separate resistance of 
each branch. 

For example, in Fig. 52, assume that the separate resist- 
ances of the three branches are 5, 10, and 20 ohms, respect- 
ively, and that the difference of potential between a and b 

80 
is 80 volts. Then, the current in the first branch is-— = 16 



80 
amperes; in the second, — = 8 amperes, and in the third, 

80 , 

— - = 4 amperes. 

76. The separate resistances of the branches of a derived 
circuit can be determined by finding the difference of j>oten- 
tial between where the branches divide and where they 
unite, and dividing the result by the separate currents in 
each branch. 

For example, in Fig. 52, assume the difference of poten- 
tial between a and b to be 80 volts and the currents in the 
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rate branches to be Ifi, 8, and 4 amperes, respectively; 
then, the resistance of the first branch is fj =5 ohms; of the 
second, y = 10 ohms, and of the third, i^ = '20 ohms. 

ExAMPLK.— Fig. 53 rcprtsenu a dused circuit, part trf wbkli. from 
a \o t. forms a derired. or sbmit. circtiit of three aepttntc braactiea 
A, a and C in paralkl; rur^ 
represent the «eparate 
[stance of the branches, re- 
stively, from rf t<- #: and R" 
'esents the resistance of the 
i>f the dosed circuit fmm 
# tn It in the dircctitm in vfaich 
the current is supposed to be 
flowing, includiiig the Jniemal 
asiance of the batter; A'. 



and 




|(=4.4ahms: and ^ = .8ohni. ' ►""• ^ 

3 amperes is Amring ia the main, of nadiTidcd. circoit, 
find the total electromotive force developed in the batterjr K. 

SoLtmuD. — Prom the applicatioa at Ohm's law to doaed ciradta. 
fitrmuU S, £■= C R, where £ is the total cLectratnotive force derd- 
o|ied within the electric source. Ctbe strength at cmrent flowing, and R 
the total resistance of the circuit throogh which the corrent poMcs. 
In this ptuticutaT iwoUera, the total resistance of the doaed circuit 
will be \iic joint resistance of the three branches in paraUeL piu the 
resiaiance J{ of the rest of the ctrcuH. Hence, first find the jotoi 
re«3tance of t>: three branciica A, B. and C in parallel from 
4 to h. By fofftnola 13, the joint resislance oi three conductors in 



paralld is - 



r*. and rt cepieseni the 



8.8 X 44 ■!- 1 X 4.4 + S X i« ~ H-« + lis * "14 ~ »-« ' "" **"■ 
the joint resistaace of the three branches A. B. and C in paralld 
from K tu i. The total resistance of the cluaed circuit is. there- 
fin-c. M\1 -t- .» = LT«7 ohms, and E= Cy X = ax t.nn = 8.3a»4 
rolla. AnSt 



ELBCTRICAI, QUA3CTITT- 

The rate nf flow yf liquid'^ is eipressed in nnits of 

inttty per second or minute, and similarly the strength 

I electric current can be defined as a quantity of 

r. fi".— J 



60 DYNAMOS AND MOTORS. § 28 

electricity flowing per second. The practical unit of elcc* 
trical quantity is called the coulomb. 

The coulomb is such a quantity of electricity as will pass 
in one second through a circuit in which the strength of cur» 
rent is one ampere. 

As stated in Art. 36, the quantity of electricity is calcu- 
lated from the strength of current ; it can not be actually 
measured. For example, suppose the strength of current 
in a closed circuit to be 10 amperes, as measured by an 
ammeter; if such a current flows for only one second, the 
quantity of electricity which has passed around the circuit 
is 10 coulombs; but if the current flows for two seconds, the 
quantity of electricity would be 20 coulombs. 

Hence, to calculate the quantity of electricity which has 
passed in a circuit in a certain time when the strength of 
the current in amperes is known: 

Let Q = the quantity of electricity in coulombs, C the 
strength of current in amperes, and / the time in seconds. 

Then, Q^Ct. (14.) 

If any two of these quantities are known, the third can be 

readily found. By transposition, {7= — and / = -^. 

Therefore, to obtain the quantity of current which has 
passed through a circuit in a given time, multiply the 
strength of current in amperes by the time in seconds. 

Example. — Find the quantity of electricity in coulombs that flows 
around in a closed circuit in li hours when the strength of current is 
12 amperes. 

Solution. — Reducing the time to seconds gives 1.5 X 60 X W = 5,400 
seconds; hence, / = 5,400 seconds and C=12 amperes. Then from 
formula 14, g =C/ = 12 x 5,400 = 64,800 coulombs. Ans. 



ELECTRICAL WORK. 

77. When an electric current flows from a higher to a 
lower potential, electrical energy is expended and work is 
done by the current. The principle of the conservation of 
energy teaches that energy can never be destroyed ; it follows. 
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1°; 



therefore, that if energy has to be expanded in forcing 
a quantity of electricity against a certain amount of resist- 
ance, the equivalent of that energy must be transformed 
into some other form. This other form is usually heat; 
that is. when a quantity of electricity flows against the 
resistance of a conductor, a certain amount of ehctrkal 
energy is transformed into heat energy. 

The actual amount of heat developed is an exact equiva- 
lent of the work done in overcoming the resistance of the 
conductor, and varies directly as that resistance. For 
example, take two wires, the resistance of one being twice 
that of the other, and send currents of equal strengths 
through each. The amount of heat developed in the wire 
of higher resistance will be twice that developed in the wire 
offering the lower resistance. 

The unit used to express the amount of mechanical work 
done is known as Va^ foot-pound. The work done in rais- 
ing any mass through any height is found by multiplying 
the weight of the body lifted by the vertical height through 
which it is raised; similarly, the practical unit o( e/irtn'ca/ 
work is that amount accomplished when a unit quantity of 
electricity, one coulomb, flows between potentials differing 
by one volt. 

The unit of electrical work is, therefore, the volt-coulomb, 

id is called the Joule. 

l_/i>«/<- = .7373 foot-pound. 



78. By means of the following formulas, we may find 
directly the amount of electrical work accomplished \n Joules 
during a given time in any circuit: 
; electrical work in joules; 



1 amperes; 
;conds du 



E= potential, > 



ng which the 



■ent flows; 



f When the current and electromotive force a 
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When the current and resistance are known, 

J=C'Rt. (16.) 

When the resistance and electromotive force are known, 

r = A_L. (17.) 

To determine, therefore, the electrical work done in a 
given time, multiply the quantity of electricity in coulombs 
which has passed in the circuit during that time by the loss^ 
or drop, of potential as measured directly, or as computed 
from the values of the current and resistance. 

Example. — Find the amount of work done in joules when a current 
of 15 amperes flows for \ an hour against a resistance of 2 ohms. 

Solution. — Reducing the time to seconds gives 30 X 60 = 1,800 
seconds = /. The current = C= 15 amperes, and the resistance = 2 
ohms = R, Then, by formula 16, the electrical work done 

/= 15 X 15 X 2 X 1,800 = 810.000 joules. Ans. 

79. When the work in joules is known, the work in 
foot-pounds 

F P. =r..7373/. (18.) 

That is, the equivalent work done in foot -pounds is obtained 
by multiplying the number of joules by ,7378, 

Example. — Express the work done in foot-pounds in a circuit 
when a current of 8 amperes flows for 2 hours between potentials 
differing by 10 volts. 

Solution. — Reducing the time to seconds gives 2 X 60 X 60 = 7,200 
seconds = /. The current = 8 amperes = C, and the electromotive 
force = 10 volts = E. Then, by formula 15, the electrical work done 
= /= 8 X 10 X 7,200 = 576,000 joules. Expressed in foot-pounds, this 
will be, by formula 18, 

F. P. = .7373 X 576,000 = 424,6848 foot-pounds. Ans. 



BLBCTRICAL PO^WBR. 

80. Poiver, or rate of doing work, is found by dividing 
the amount of work done by the time required to do it. 
In mechanics, the unit of power is called the liorsepo'wrer; 
in electrotechnics, the unit of power is the iw^att. It is 
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ir= 



: CE. 



(19.) 



found by dividing the amount of electrical work done by the 
time required to do it. 

Let E = the electromotive force in volts; Q the quantity 
of electricity in coulombs; C the current in amperes; and 
M'the power in watts. 

By formula 15* the amount of electrical work y = f"£/, 
^Then, 

L 

^H Ex 

^H Soi 

f 



The power in watts is equal to the strength of current in 
iHfires, multiplied by the electromotive force in volts. 

ExAVPLB. — What is the power in watts developed in aclosed circuit 
ll which a current of 12 amperes is flowing between potentials dif- 
pring by 25 volts? 

Solution, — E= 28 volts and C = 13 amperes. Hence, by formula 



ir^ C£=s 13 X 26^=800 

By taking into consideration the resistance of the circuit, 
the equation for determining the powur in watts may be 
expressed in two other ways; 

By derivation from formula 16, 

^„,_ C-RI 



w= 



= o/t. 



(20.) 



That is, the power in watts is equal to the strength of cur- 
t in amperes squared, multiplied by the resistance in ohms. 
B^AMPLB. — Find the power in watts iti a closed circuit in which a 
current of 80 amperes is flowing against a resistance of 3 ohms. 
Solution.— C=30and f! = Z. Hence, by formula 20, 

H'=C';¥=30'x3 = 2. 700 watts. Ans. 
By derivation from formula 1 7, 
E't _E* 
Rt ~ R- 

That is, the power in watts is the quotient arising from 
iriJing the electromotive force in volts squared, by Iht 
•sis lance in ohms. 



W= 



= ^- (21.) 
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Example. — The drop of potential in a closed circuit when a current 
is flowing is 20 volts and the resistance is 10 ohms; what is the power 
in watts expended ? 

Solution. — iTrr 20 volts and ^ = 10 ohms. Hence, by formula 
21, 

jTi 20* 
W^ s= -^ = r^ = 40 watts. Ana. 

81. One watt equals ^-j of a horsepower; or, one 
horsepower equals 746 watts. 
If H. P, = horsepower, 

W 
H. P. = ^- (22.) 

That is, to express the rate of doing electrical work in 
horsepower units^ Jind the number of watts and divide the 
result by 746. 

The horsepower may also be expressed by three other 
equations, by expressing the watts in terms of electromo- 
tive force, current, and resistance, as obtained from for- 
mulas 19, 20, 21, viz.: 

HP— • H P = — — ' and HP — 

• ' "■ 746 • ^- ^- - 746 ' ^^^ ^' ^- " 746 /?• 

Example. — Given, current = 50 amperes and electromotive force = 

260 volts ; express the power directly in horsepower units. 

EC 
Solution. — -£■= 250 volts; C= 50 amperes; hence, H. P. = -=7^ = 

— -^ — = 16.756 horsepower. Ans. 

Example. — Given, strength of current = 25 amperes and resist- 
ance = 14.92 ohms; express the power directly in horsepower units. 

Solution. — C = 25 amperes; R = 14.92 ohms; hence, 

„ „ C»y? 25«x 14.92 ^^^, . 

H. P. = TrTgr = ^=Ta, = ^^-^ horsepower. Ans. 

Example. — Given, electromotive force = 110 volts and resistance = 
4 ohms; expcess the power directly in horsepower units. 

E* 



Solution. — j?=110 volts; ^ = 4 ohms; hence, H. P. s= 

iin« 

= 4.055 horsepower. Ans. 



746X4 
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82. To express the power in watts when the horsepower 
is known, use the following formula: 

W^=H. P. X746. (23.) 

That is to say, the power in watts is found by multiplying 
the horsepower by IJfi. 

Example. — Express the equivalent of 4.35 horsepower in watts. 

Solution. — H. P. = 4.35; by formula 23, the electrical power 
W^ =r 4. 85 X 746 = 8.245. 1 watts. Ans. 

83. The watt is too small a unit for convenient use in 
expressing the output of large dynamos, so the kilowatt is 
generally used. One kilowatt is equal to 1,000 watts, or 
about \\ horsepower. For example, if a dynamo were rated 
at 75 kilowatts, it would have an output of 75,000 watts or, 
roughly, about 100 horsepower. 

The kilowatt-hour is a unit of work commonly used in 
connection with electrical measurements. It is the amount 
of work done when 1 kilowatt is expended for 1 hour, or 
4^ kilowatt for 2 hours, etc. The kilowatt-hours are there- 
fore found by multiplying the average number of kilowatts 
by the number of hours during which the kilowatts were 
expended. Since 1 kilowatt = 1,000 watts, 1 kilowatt-hour 
= 1,000 watt-hours. Now, 1 watt expended for 1 second is 
equal to 1 joule; hence, 1 kilowatt-hour = 1,000 x 3,G00 
= 3,000,000 joules, or 3,000,000 X .7373 = 2,054,280 foot- 
pounds. The kilowatt-hour represents a definite amount 
of work, whereas the kilowatt expresses the rate at which 
work is done and is, therefore, a unit of power. 
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electroma(;nbtic induction. 

1 . It has been shown that an electric i 
tround a coiled conductor produces lir 
■read through the coil, enter- 
ig at one end and leaving at the 
;her. So long as the current in 
;he cuil remains at a constant 
strength, the lines of force have 
direction and position only; un- 
less influenced by some exterior 
lagnetic substance, they do not 
icrease or diminish in number, 
'hange their position rela- 
tively to the coil. Fig, 1 repre- 
sents such a coil around which a 
current is flowing from the bat- '"' ' 

ry /i. Suppose the battery is disconnected from the coil 
and a galvanometer for detecting small 
currents is inserted in its place. A raag- 
■ netic pole suddenly thrown into the coil, 
as represented in Fig. 2, will cause a 
deflection of the galvanometer needle; 
the needle, however, will return to its 
original position as soon as the magnet 
comes to rest. Withdrawing the mag- 
net from the coil also causes a deflection 
of the needle, but in the opposite direc- 
tion. In the first case, a momentary 
current is induced in the circuit, as 
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shown by the deflection of the galvanometer needle while 
the magnet is being inserted into the coil; this current 
immediately subsides when the magnet ceases to move. 
In the second case, the same effects are produced, with the 
exception that the current induced in the coil flows in an 
opposite direction to thnt in the first case. 

These induced currents arc caused by a ehange tn the num- 
ber of lines of force which pass through the eoil. In passing 
into or out of the coil, the lines of force from the magnet 
set up an E. M. F. in that portion of the conductor in which 
the number of lines of force is changing, and this E. M. F. 
tends to send a current through the circuit. 

2. In place of a small magnetic pole, imagine the coil 
to be suddenly inserted into a large uniform magnetic 




field where all the lines of force are parallel to one another. 
The diagram, Kig. 3, represents a cross- sectional view of 
such a field. The dots represent the ends of the lines of 
force; their direction is assumed to be downwards, piercing 
the paper; or, in other words, the observer is looking along 
the lines of force towards the face of a south magnetic pole. 
As the coil enters the magnetic field with its plane at right 
angles to the lines of force, a current will be induced in the 
coil and the galvanometer needle will be deflected; this 
induced current is produced by a change in the number 
of lines of force which pass through the coil, as in the pre- 
vious case. Withdrawing the coil from the magnetic field 
will also induce a current in the circuit, but it will deflect the 
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■Uanomclcr needle in an opposite direction, showing ihat 
le current in the circuit is reversed. 

If the coiled conductor be straightened out. forming one 
ing conductor, and then moved aernss the magnetic field 
at right angles to the lines of 
force, as represented in Fig. 4, a 
lurrent will be generated in the 
The current, however, 
mediately subsides when the 
motion ceases, no matter whether _ 
the conductor is in the magnetii- 
field or otherwise. Should the c 
ductor be moved In the magnetic 
:ld, with its length parallel to 
of force, as in Fig. 5, no 
icurrent will be generated in the 
circuit. From these two experi- 
ments the following principle is nr. t. 
deduced: When a comluctor is moitii across a magnetic field 
wso tliat it cuts the lines of force, an E. M. F. is generated 
wvtkich tends to send a current through that conductor. 



3. In reality, currents generated in a conductor cutting 
ics of force, and those induced in a coiled conductor liy 
J a change in the number of lines of force 
which pass through the coil, are due 
to the same movement ; for every 
conductor conveying an electric cur- 
rent forms a closed coil, and every 
line of force is a complete magnetic 
circuit by itself. Consequently, when 
any part of a closed coil is cutting 
lines of force, the lines of force are 
passing through the coil in a definite 
I hj 1 1 1 ) I M M direction and changing at the same 
rri I I M ^ 1 1 1 1 1 rate as the cutting. For example, 
i/,o a in Fig. (J the heavy k)op C. C. repre- 

I (he light loop A. /■'. represents four 
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tents a closed r 
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lines of force. When the two closed loops are brought 
together, the closed coil is cut at one place a by four lines 
of force, and at the same time the number of lines of force 

passing through the closed coil in- 
creases from nothing to four. In 
calculations, however, it is conve- 
nient to make a distinction between 
the two cases: in the one case, to 
J^" "^^^^ consider that the current is gen- 

^^^ Xn ^^^^^^ by ^ conductor of a certain 
^^^^^^^1^^ length cutting lines of force at right 
^'*' ^ angles; and in the other, to con- 

sider that the current in a closed coil is induced by a 
change in the number of lines of force passing through 
the coil. 

In these explanations, it must not be forgotten that an 
electric current is the result of a difference of potential 
or electromotive force. Consequently, it is not actually a 
current that is generated in the moving wire, but an elec- 
tromotive force; for, in all of the previous experiments in 
which currents are induced or generated in a conductor 
by the lines of force, if the circuit is opened at any 
point, no current will flow, but the electromotive force 
still exists. 

4. There are three methods of producing an electro- 
motive force by induction in a coiled conductor; namely, by 
electromagnetic induction^ by self-induction^ and by mutual 
induction. 

In electromagnetic induction, the change in the 
number of lines of force which pass through the coil is due 
to some relative movement between the coil and a magnetic 
field; as, for example, by thrusting a magnet into the coil or 
withdrawing it, or, again, by suddenly inserting the coil 
into a magnetic field with its plane at right angles to the 
lines of force. 

5. In Helf-induction* the change in the number of 
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; of force is caused by sudden changes in a current 
^ich is already flowing through the coil itself and is supplied 
IDm some exterior source. This exterior current produces 
[ magnetic field in the coil, and so long as the strength 
F the current remains constant, there is no change in the 
nber of lines of force which pass through the coil. But 
' the strength of the current is suddenly increased, a 
laiige in the number of lines of force occurs; the change 
I turn induces an electromotive force in the conductor, 
which I'/iposes the original current in the coil and tends to 
keep the current from rising. Its action is similar to that 
which would take place if some extra resistance were sud- 
denly inserted into the circuit at the instant the strength of 
B current is increased. The original current eventually 
»Lches its maximum strength in the coil as determined by 
tim's law. but its rise is not instantaneous; it is retarded 
E> a certain extent by this induced electromotive force. If, 
bn the contrary, the strength of the original current is 
xldenly allowed to decrease, another change is produced 
a the lines of force which pass through the coil; this new 
shiinge induces an electromotive force in the coil which acts 
, the same direction as that of the original current and 
tnds to keep it from falling. As in the previous case, -how- 
•er, the original current will eventually drop to its mini- 
um strength, as determined by Ohm's law, but it will fall 
-^dually, and a fraction of a second will elap.se before it 
x;omes constant. In short, the current flowing through 
a coiled conductor acts as if possessing inertia ; any sndden 
change in the strength of the current produces a corre- 
sponding electromotive force which opposes that change 
pd tends to keep the current at a constant strength. 



In mutual Induction, two separate coiled con- 

iciors, one conveying a current of electricity, are placed 

Br each other, so that the magnetic circuit produced by 

! ime in which the current flows is enclosed by the other, 

liown in Fij;. 7, where the current circulates around the 

III /' when the circuit is closed at key b~ The coil P is 
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called the primary, or excitiiiK, coll ; the other coil 5 
is the secondary coil. 

Any sudden change in the strength of the current circula- 
ting around the prima- 



ry coil, as, for instance, 
breaking the circuit at 
b, produces a corre- 
sponding change in the 
number of lines of force 
in the magnetic circuit 
which passes through 
both coils, and hence an 
electromotive force is 
If the primary circuit is 




\mkr-j 



Fig. 7. 
induced in the secondary coil. 

completed at b and the current tends to rise in that 
coil, the electromotive force induced in the secondary coil 
causes a current to circulate around in it in the opposite 
direction to the current in the' primary coil. If, on the 
contrary, the circuit at b is suddenly opened and the cur- 
rent in the primary decreases, the induced electromotive 
force in the secondary causes a current to circulate around 
in it in the same direction as the current in the primary 
coil. , 

To make this clear, in Fig. 7, suppose the current in the 
primary coil to be suddenly established by closing the switch 
at b. The lines of force will surround the conductors and 
spread out in all directions. The lines of force spreading out 
in the direction of arrow A cut the conductors of the second- 
ary coil. The resulting current in the secondary would have 
the same direction were the lines of force stationary, as 
shown, and the coil 5 moved along the core in the direction 
of arrow B. Then, according to the thumb-and-finger rule, 
Art. 8, the current will flow in the secondary coil as 
indicated by the arrows, or opposite to that in the primary. 
Similar reasoning will show that when the primary circuit 
is broken and the lines of force collapse, the direction of 
the current in the secondary coil »S will be the same as that 
which existed in the primary^ 
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7. The direction of an induced current in a C'>il depends 
upon the direction of the lines of force in the coil, and 
whether their number is increasing or diminishing. If 
these two facts are known, the direction in which the cur- 
rent circulates around the coil is determined bv the follow- 
ing rule: 

Rule. — If the effect of the €Uti4m is to diminish the number 
of lines of force that pass through the toil, tlu current 'will 
circulate around the coil in the direction of the movement of 
the liands of a watch as viewed br a person looking along the 
magnetic field in tlu direction of tlu lines offc'Tce ; but if the 
effect is to increase the number of lines of f&rce that pass 
through the coil^ the current will circulate around in the 
opposite direction. 

For example, in the diag^m. Fig. 3. when the coil is 
inserted into the magnetic field, thereby increasing the 
number of lines of force which pass through the coil, the 
current circulates from b around the coil to a^ and thence 
through the galvanometer to b again; when the coil is 
withdrawn and the number of lines diminishes^ the current 
circulates in the opposite direction, that is, from a around 
the coil to b^ and thence through the galvanometer to a 
again. That end of the coiled conductor from which the 
current flows to the external circuit, as from a through the 
galvanometer, in the first ca^e, is the positive [i^Ae or 
terminal of the coil; in the second case, b is the positive 
pole or terminal. 

8. Referring to the straight conductor in which a cur- 
rent is generated by moving it across a magnetic field at 
right angles to the lines of force, the direction of the current 
in the conductor depends up<jn the relation of the direction 
of the lines of force to that of the moving conductor. The 
conductor must necessarily be moved acr'-^s the magnetic 
field at some angle to the lines of force, and the current gen- 
erated in the conductor will tend to flow at right angles to 
the lines of force and at right angles to the direction in 
which the conductor is moving. In Fig. 4, if the conductor 
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is moved from left to right across the lines of force, the cur- 
rent generated in it will tend to flow upwards through the 
conductor; that is, from ^ to ^ through the conductor, then 
from a to b through the galvanometer. If the conductor is 
moved in the opposite direction, that is, from right to left, 
the current in the conductor will tend to flow in a reversed 
direction, that is, from ^ to ^ through the conductor and 
from b \.o a through the galvanometer. A convenient 
method for remembering the direction of a current gener- 
ated in a straight conductor, when the conductor is moved 
in a magnetic field at right angles to the lines of force, is as 
follows : 

Rule. — Place thumbs forefinger^ and middle finger of the 
right hand so that each will be perpendicular to the other 
two; if the forefinger points in the direction of the lines of 
force and the thumb points in the direction toivards which 
the conductor is moving^ then the middle finger will point in 
the direction towards ivhich the current generated in the con- 
ductor tends to flow. 

For example, in Fig. 8, if a vertical conductor be moved 
across the front of the north pole N of the magnet in the 

direction towards Avhich 
the thumb points, the 
current generated in the 
conductor will flow down- 
wards, that is, in the 
direction towards which 
the middle finger is point- 
ing. 

The summary of these 
electromagnetic induction 
experiments can be stated 
Elcctroinotirc forces are generated in a conductor 
moving in a magnetic field at right angles to the direction of 
the lines of force ^ or are induced in a coiled coftductor when 
a change occurs in the number of lines of force which pass 
through the coil. 




as follows: 
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PHYSICAL THEORY OF THE DYNAMO. 

, 8. In Fig. fl, a rectangular coil of copper wire is placed 
:r of a uniform field with its plane lying per- 
pendicular to the lines ^. — ^. — . 

E force; in this posi- ■*-■ -~ 

Hon, the coil encloses 
the greatest number 
of lines of force. A 
vollraeter I'. J/1 for 
neasuring small 
L M. P. 's is connected 
: two ends of the 
poil. as shown in the 
iiagram. The circuit 
the voltmeter is 
^pt closed, and any 
|E. M. F. gener.-tted in 

; conductor will be '""'■ '" 

indicated by the deflection of the index needle. So long as 

the coil remains at rest in the magnetic field no E. M. F. is 

generated; but imagine the coil to be rotated on an axis in 

wn plane, such as represented by the broken line m n, 

1 the direction indicated by the curved arrows. As the 

oil starts to rotate, its sides fif and f^begin to cut the 

s of force at right angles, thus generatingan E. M. F. in 

ich side. Prom the rule stated in Art. 8, the E. M. F. 

bgnerated in the upper side tends to cause a current to flow 

lomyto e; and in the lower side, the current tends to flow 

(omrftOiT. Hence, the E. M. F.'s generated in the two 

Ailsare added together, and the total E. M. F. generated by 

the coil is indicated by the /". M. between a and*, the end* 
forming the positive terminal of the coil. If the coil is 
rotated at a uniform angular velocity, that is, if the speed of 
lion is constant throughout each revolution, the deflec- 
of the voltmeter becomes greater as the coil revolves 
ini itR vertical position imtil it passes through one-quarter 
ft revolution and reaches a position where its plane lies 
irallel to the lines of force. 



DYNAMOS AND MOTORS. 



1 29 






(P^o^J 



lO. The diagram, Fig, 10, represents an end view of 
the coil in two positions: position 1, as shown by the dotted 

^ lines, represents the coil 

standing vertically at 
the moment of starting, 
and position 2, as shown 
by the full Hnes, repre- 
" sents the coil lying hor- 
izontally after passing 
through one-quarter of 
a revolution. The de- 
flection of the needle, if 
read at frequent inter- 
vats during this quarter 
Fig, 10. of 3 revolution, gradu- 

ally increases, beginning at zero in position 1, andreachinga 
maximum at position 2. The gradual rise of the E. M. F. in 
the circuit while the coil is revolving from position 1 to posi- 
tion 2 can be graphically shown by means of cross-section 
paper. Fig. 11. The horizontal divisions represent equal 
intervals of time, and the sum of the divisions between A 
and B is the total time occupied by the coil in revolving one- 
quarter of a revolution; the vertical divisions represent 
E. M. F. , and the sum of the di- 
visions between A and Y is the 
total E. M. F. that is being gen- 
crated in the coil when it is pass- 
ing through position H. The ver- 
tical distances between the line 
A B and the curved line represent 
the E. M. F. which is being gen- 
erated in the coil at every instant ^'°- "" 
during its rotation between positions 1 and 2. For example, 
let each vertical division represent 2.5 volts; then, the dis- 
tance between A and Y represents 10 volts. When the coil 
has revolved one-third of the distance between positions 
J and S, Fig. 10, it has consumed one-third of the time; 
hence, at this instant the E. M. F. that is being generated 
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I the coil is represented by the number of divisions between 
E line A B and the curved line, at one-third the distance 
wards B, which equals twodivisions; or 2 X 2.5 — 5 volts, 
hen the coil travels two-thirds the distance between 
witions 1 and 3, the E. M. F. that is being generated at 
kal instant is represented by the number of divisions 
J the line A B and the curved line at twu-thirds the 
btance towards B, which equals about 3.48 divisions, or 
' 8X2.5 = 8.7 volts. 

111. After the coil passes through position 3, the 
B. M. F. that is being generated begins to diminish, and by 
lie time the coil has revolved one-half of a revolution and 
I once more in a vertical position, the E. M. F, falls to zero 
The E. M. F. that is being generated at every 
slant during one-half of a revolution can be shown by a 
ntinuation of the curve on cross-section paper. Fig. 12. 
!he sum of the divisions between A and C represents the 
fetal lime occupied by the coil in rotating one-half of a revo- 
lution. It will be seen that the maximum E. M. F. that is 
being generated at any instant is at position 2, Fig. 10, 
which corresponds to B, Fig. VI. In this position the 
; of the coil lies parallel to the lines of force, and its 
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., corresponding to c d and f/, Fig, ti, arc cutting the 
ics of force at exactly right angles. The sides of the coil 
: moment of passing through this position are cutting 
pre lines of force for equal intervals of time than in any 
9»er position during the first half of a revolution. 
From this fact the following principle is deduced: The 
\ M. F. generatid in a mmung condiutor cutting lines of 
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force at right angles is directly proportional to the rate of 
cutting. Suppose, for example, that a magnetic field con- 
tains 100,000 lines of force, and that a conductor is moved 
across the field at right angles in such manner as to cut 
every line of force. If the time occupied by the conductor 
in passing across the field is one second, then the rate of 
cutting is 100,000 lines per second; or, if it occupied two 
seconds, the rate of cutting is 50,000 lines per second, and 
so on. The E. M. F. generated in the former case is twice 
as great as that generated in the latter. The method for 
determining the number of lines of force in a magnetic field 
will be described later. 



12. Fig. 13 shows the coil after being rotated one half 
of a revolution. As soon as the coil starts on the last half 
of the revolution, its sides c d and e f cut a few lines 
of force, and, consequently, an E. M. F. is generated in 
each side. The E. M. F., however, tends to cause a current 
to flow in the coil in an opposite direction to that which 
tends to flow during the first half of the revolution. 
For, by applying t^ie rule in Art. 8, the E. M. F. gen- 
erated in the sides tends to cause a current to flow from 

^ c to ^and from c to/; 

the end a of the coil, 
which in the first half 
of the revolution was 
the negative terminal 
of the coil, now forms 
the positive terminal. 
Hence, in order to al- 
low the current to 
enter the positive 
binding-post of the 
voltmeter, the con- 
nections must be re- 
versed. 

F'«- ^3. The E. M. F. that 

is generated as the coil is rotated through the last half of 
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Tilie revolution grailually rises as in the first half, reaching a 
maximum height when the plane of the coil lies parallel tc 
the lines of force, and afterwards falling to zero again as the 
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cnil reaches a vertical position. In Fig. 14, the E. M. F. 
that is generated in the coil at every instant during one 
_eoinplete revolution is graphically shown by the use of the 
?oss-section paper. The sum of the divisions between 
I and £ represents the time occupied by the coil in making 
me complete revolution; the divisions between A and V 
represent theE. M. F. which tends to send a current in one 
direction through the cuiI as in the first half of the revolu- 
tion, and the divisions lietween A and -V represent the 
E. M. F. which tends to send a current through the coil in 
an opposite direction as in the last half of the revolution. 
The divisions between the curved line and the line A J:, or 
base line, give the E. M. F. that is being generated in the 
coil at any instant during the revolution, and the direction 
^^•a which the E. M, F. tends to act depends upon whether 
Hfais E. M. F. falls above or below the base line A £. For 
Hppnvenience, let the direction in which the E. M. F. tends 
Mte act in the first half of the revolution be called the poMltlve 
(-f) direction, and in the last half the negative ( — ) direc- 
tion. For example, the E. M. F. that is generated in the 
when it has revolved three-quarters of a revolution is 
presented by the distance between D and the curved line. 
jbich, in -this case, is two divisions; and since these 
hrisions arc below the base line, the direction in which this 
^ M. F. tends to act is negative. 
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13« In Fig. 15, instead of connecting the external cir- 
cuit directly to the ends of the coil, suppose the wires 
o and / to be brought to two brushes r and s^ which lie in a 




FlO. 15. 

horizontal position and bear on the two collector rings 
X and yy respectively. These collector rings, it will be 
seen, are connected to the two ends of the coil; x X,o a and 
y to b. 

The resistance of the entire circuit, including the coil, 
ammeter, collector rings, and brushes, is comparatively 
small; hence, any E. M. F. generated in the coil causes a 
corresponding current to flow through the circuit, and its 
strength is indicated by the ammeter A, M. When the coil 
begins to revolve, a feeble E. M. F. is generated in it as 
previously described. This E. M. F. causes a correspond- 
ing current to flow through the circuit in a positive direc- 
tion; as the E. M. F. becomes larger, the strength of current 
in the circuit becomes greater, and vice versa. After the 
coil is rotated one half of a revolution, and the direction in 
which the E. M. F. tends to act becomes negative, the 
direction of the current in the circuit is also reversed. If 
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s is no self-induction to retard the rise and fall of the 

prrent in the circuit, as explained in Art. 5, the strength 

f the current in the circuit at any instant is exactly pro- 

Ortional to the E. M. F. that is being generated in the 

1 at that moment; for, according to Ohm's law, the 

"cngth of current in any circuit is equal to the E. M. F. 

incrated in that circuit, divided by its resistance. The 

I and falling and also the reversing of the current in all 

irts of the circuit for each revolution, therefore, can be 

presented graphically on cross-section paper in the same 

nnner as previously described for the E. M. F. Fig. IG 



H 
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ipresents the rising, falling, and reversing of the current 

circuii for three complete and consecutive revolutions 

of the coil; the divisions between A and Ji, E and /, and 

/and il/ represent the time of each revolution, respectively. 

The divisions between the base line A M and the curved 

line above the base line represent the strength of current in 

the circuit when the direction of flow is positive, and those 

;low represent the strength of current when the direction 

flow is negative. Revolving the coil, therefore, at a con- 

lOt speed generates a current in the circuit, which, in 

iry complete revolution, rises gradually to a maximum 

ength and falls to zero in one direction, then is reversed, 

id the same effect is produced in the opposite direction. 

other words, the current in the circuit alternalis from one 

irection to the opposite direction in each revolution. 

An electric current of this character flowing through a 

'u!t Is termed an alternatlUK current. 



1 14. The next step is to demonstrate the principle o 
»ing, or commuting, this alternating current into . 
mtinuotts. or direct, current ; that is, a current which alway 
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flows in the same direction through the external circuit. 
In Fig. 17, the two ends of the coil are fastened to two 
halves s and s' of a metallic tube. These halves are called 
segments, and in this case are separated by a small air- 
space, the rigidity of the coil holding them apart. The 
combination of the two segments, or, in fact, any number 




A^M, 



FlO. 17. 

of segments held together in this position, is called the 
Gominutator. Two copper strips + B and — B^ called 
brushes, press against the segments, and are held in a 
horizontal position while the coil is rotated. The brushes 
rub, or brushy against the segments and make electrical 
contact only. 

When the coil is in a vertical position, as represented in 
the figure, both brushes rest against both segments; but as 
soon as the coil starts on the first half of a revolution in the 
direction indicated by the arrows, the brush — B leaves seg- 
ment s\ and rubs only against segment s\ brush -|- B leaves 
segment J, and rubs only against segment s\ As previously 
described, the electromotive force that is generated in the 
coil during the first half of a revolution causes a current to 
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from a through the coil to 6, ant! from d through the 

iternal circuit to a again, making 6 the positive end of the 

lil. Hence, in this case, + 5 is the positive brush, and the 

Trent in the external circuit flows in the direction indicated 

ly the arrow-heads. As the coil starts on the last half of 

revolution, the direction of the current in the coil changes, 

tnd a becomes the positive end of the coil. But the current 

the external circuit continues to flow in the same direc- 

ion as in the first half of the revolution, and -\-B remains 

le positive brush. For, at the beginning of the second half 

revolution, when end a of the coil becomes positive, — B 

.ves segment J and makes contact with j', and -(-//leaves 

and makes contact with s. Hence, the current in the 

ixternal circuit, during a complete revolution, flows from 

:he positive brush +B through the ammeter A. M. and 

le resistance Re to the negative brush — B\ that is, the 

rrent in the external circuit flows continually in the same 

rection, while the current in the coil itself flows in two 

directions during every revolution. But the strength of 

the current in the external circuit is by no means constant; 

it rises from zero to a maximum strength, and falls again to 

zero twice in every revolution, but always in the same direc- 

ion. The effect is graphically shown in Fig, 18 by the use 



j^ j/] [N l ^ \^ -^ 



of cross-section paper, where the divisions between A and E, 
1 and /, and / and M represent the time occupied by the 

oil in rotating each revolution, respectively, and the verii- 

ial divisions between the base line A .lAand the curved line 
^present the strength of the current in the external circuit 

t every instant during the three revolutions. The effect is 
produced cimlinually in the external circuit if the coil is 
stated at a constant speed. These impulses in the strength 

f the current give it the name nf puKtitlnic current. 
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A consideration uf the preceding paragraphs wili show the 
student that direct-current dynamos require commutators, 
while alternating-current dynamos employ only collector 
rings. 



15. In Fig. 10, two separate i 

netic field at right angles to ea 



i placed ill a mag- 
it. Four metallic 




segments i.j'.j', and j'" are cut from a cylindrical ring ta 
form the commutator, and are separated from one anothei 
by small air-spaces; the two ends of each coil are connc::tcd 
to two opposite segments in such manner that an imaginary- 
diameter connecting the two segments together would lie at 
right angles to the plane of their coil, asshowniti the figure. 
Two metallic brushes -j-B and — ^rub against the com- 
mutator, lourhing the two segments diatuetrically opposite 
to each other. A line drawn ihroiigli the center of the 



DYNAMOS AND MOTORS. 



19 



nmuLator, connecliiig the contact ends of the two brushes, 
uld lie at right angles to the (iirectioii of the lines of 
wee in the magnetic field in which the coils are rotated. 
s the two coils and commutator are rotated in the direc- 
ior> indicated by the arrows, the two brushes rub against 
e segments consecutively and always make contact with 
E two opposite ones. The brushes are connected to an 
iZternal circuit consisting of the ammeter A. M. and the 
isistance Re. At the position of the coils in the figure, the 
crushes are rubbing against the segments s and s' , which 
ire connected to the ends of the horizontal coil. From pre- 
vious experiments, it will be seen that at this position the 
)rii:ontal coil is generating a maximum E. M, F. , which 
lends to send a current from a through the coil to b ; hence, 
rreni is flowing in the externa! circuit from -\-B to 
-/>'. After the coils and commutator are rotated one-eighth 
\ revolution from tliis position, and the E. M. F. in the 
3tl begins to fall, the brush +i>' passes from segment s to 
segment s', and brush — A passes from j' toj'". The E. M. F. 
Iiat is being generated in the vertical coil when the brushes 
to segments s' and s'" is nearly maximiim. Con- 
lequenily, the strength of the current which has been flow- 
bg in the external circuit from the other coil does not 
lecrease to zero; it only diminishes a small amount before 
fthe segments of the next coil make contact with the brushes. 
when it begins to increase again. It will be seen that dur- 
ing one complete revolution of the moving parts, the brushes 
passed over four segments; that the direction of the current 
produced is from the coils to brush -\-B, and into them from 
brush — B. These actions produce a direct current in the 
external circuit which fifiws continually in the same direc- 
ion, but whose strength fluctuates, or changes, regularly 

r times in every revolution, 
\ By resorting again to the cross-section paper, the fiuctua- 
s of the current in the exterior circuit can lie graphi- 
f shown. In Fig. 2ii, the divisions between the base line 
\M represent the strength of current in the external cir- 
Riil for three complete revolutions. So long as the speed 
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of rotation is uniform, the current decreases to a little less 
than three-quarters of its maximum strength, providing, of 
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course, the resistance of the external circuit is not altered; 
the dotted curved lines indicate how the strength of the 
current would fall to zero if only one of the coils were used. 
The strength of such currents can be made more uniform 
and the pulsations less noticeable by using several coils con- 
nected to the segments of a commutator, the planes of the 
coils being placed at equal angles from each other. A con- 
tinuous current of uniform strength is known as a constant 
current. 

16. In Art. 30, Part 1, it is stated that t\ie permeability 
of iron is much greater than that of air ; or, in other words, 

if a piece of iron were in- 
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serted in a magnetic field, the 
number of lines of force in 
the field would be greatly 
increased. Hence, if the coils 
are wound around a cylindri- 
cal drum of iron, as shown in 
Fig. 21, the number of lines 
of force passing through the 

coils is increased, and the E. M. F. that is generated is 

greater, since. Art. 1 1 , the E. M. F. is proportional to the 

rate of cutting of the lines of 

force. The coils are entirely 

insulated from the iron core by 

some non-conducting material, 

such as cloth, mica, or paper; 

otherwise, they would be short- 
circuited on the core; that is, the 

current would flow through the fic. je«. 
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■on instead of passing into the external circuit. The other 
conditions remain unchanged; i. e. , the lines of force have 
the same direction 
as in the previous 
cases, and remain in 
one position while 
(the coils are re- 

rolved. The core 
luld not be made 

t one solid mass of 
for, if such 

fere the case, the 

»re, when rotated, would act as a large closed conductor, 

iUtting lines of force at right angles. The E. M. F. gener- 
ated in the core would cause local, or eddy, currents to 
^flow through the iron itself, heating it and uselessly dissipa- 
ting a large amount of energy. An idea of how these eddy 
currents would circulate in a solid iron core can be formed 
from Fig. 22, C represents the solid iron core, the top half 
of which is cut away. The curved lines and arrow-heads 
show the direction in which the eddy currents would flow if 
the core was rotated in the direction indicated hy the large 
arrow. To overcome this difficulty, the core is made of a 
large number of round, thin iron plates, or disks, each disk 
being insulated from the adjacent ones by some non-con- 
ducting material, such as tissue-paper, insulating japan, or 
simply by the oxide formed on the surface of the disk dur- 

Iing the process of its manufacture. The disks should be 
fastened together in such a manner that, when rotated in a 
Biagnetic field, their fiat surfaces are parallel to the direction 
pf the lines of force and to the direction of rotation, as 
blown by Fig. 23. Dividing the core into disks in no way 
Pimioishes the magnetic permeability of the iron, and fi>r 
^1 practical purposes, it prevents the eddy currents from 
flowing. A core made in this way is said to be laminated. 



17. Iron cores are generally made in two styles 
r ring. 
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A drum core may be defined as a laminated cylinder, the 
length being generally greater than the diameter, such as 
shown in Fig. 'Z3. 

A ring core may be defined as a laminated rim of rectan- 
gular cross- sect ion, such as R in Fig. 24. 

An iron core inserted between the poles of a magnet 
not only increases the total number of lines of force from 
the magnet, but attracts nearly all the stray lines of force 
from the surrounding air; that is, the lines of force prefer 
to complete their circuit through iron rather than through 
air or other non-magnetic substances. For example, in 
Fig. 24, an iron ring R is placed between the poles A''and 5 of 




a magnet; the lines of force pass out from the north pole N 
and enter the iron ring. When passing across the air- 
gap, they are uniformly distributed, but after entering the 
ring, they crowd together and remain in the iron as long as 
possible. If the total number of the lines of force is large 
in comparison with the cross- sectional area of the iron ring 
on xjf, a few will pass through the air in the inside of the 
ring, as shown in the cut; but in most cases the number of 
such stray lines is not large enough to be considered. Con- 
sequently, in Fig. 25, if a loop of insulated wire a bed is 



9 DYNAMOS AND MOTORS. 23 

und around the irun ring, and the ring and loop are 
jotatcd on a ceutral axis /« ti like the rim of a fly-wheel, 
knly thai part of the loop from d to i is cutting lines of 
porce : the rest of the loop, from b to c and from c to t/, is 
ve in relation to the lines of force, From the rule 




jiven in Art. 8, it will be seen that the E. M. F. generated 
I the side a b of the loop tends to send a current from b to 
V during the first half of the revolution from yy' to x x', 
aid in the opposite direclion during the last half. 

18. No current will flow from the loop through the 

External circuit when the ring is made of some non-mag- 

Betic substance, as will be understood from the following 

iXplanation: Imagine the iron ring to be moved from the 

!el(l without disturbing the loop; then, imagine the loop to 

! rotated around the axis run in precisely the same path 

B before. The lines of force in the field are now uniformly 

istributed, and as the loop moves, the part between c and (/ 

rill cut the lines of force at approximately the same rate as 

: part between a and b. But the electromotive forces 

[enerated in the two parts tend to oppose each other; that 

, the E. M. F. generated between a and b tends to act 




. li' 



fi of force pass out in 
^ "" f\ ring. When pu^-r 



_f inly distributed, but . 



atP^ft'^'igt iVie *.^^^ether and remain in _. 
"■^ heV ^^'^ "* 6 ^^rJ*^ number of the lines 



gaV' ^gj cto* ^^ V, fie cross-sectional area 

'^^^^'■b\e. ^^ ^'^^ xxy* \*^^ through the air in L.. 

po**' ,anso« "^.^ ^^ cut; but in most caaec 

i« V a*^* *-otV^^t large enough to be coi. 

o«*-'' sYiO*"^ ali^ if :, loon of insiilatMl 



i£ a loop of insulated 
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, ivill be cutting the lines of funt; as thoy pass 
..■ inirtli pole, while other turns will bo cuttiii;r 
force as they enter the south pole, tlie electro- 
- generated in the two cases being opposed to 
This action will be readily understood by 
i^ntire core with one large coil of several turns 
1.^ the two ends of the coil together, as rcpre- 
. -iT. This is known as a riii^'- winding, or one 
■ "nductors are wound in the form of a helii 




:hering and irjils ri,ach the 
■ E. M. F g< in,r.iti.d in the 
[lie dirt! lion indi<.il<.<I by 
ir. No tnrnnt < .m fl'iw 
■•■moiive fi.n:cs jjencrati^d 
iich other at a', and away 
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away from b, and that generated between c and ff tends to 
act away from c. Hence, there is no difference of potential 
between the ends a and d, and no current will flow through 
an externa] circuit. 

After replacing the iron ring again, suppose the insulated 
wire to be wound around it several times, as represented in 




Fig. 26, and the ends of the coil connected to two metallic 
segments S' and S'. By applying the rule in Art. 8, it 
will be seen that the electromotive forces generated in the 
separate turns at (7, b, and c are added together; that is, the 
difference of potential between the brushes -\-B and — i>' is 
the sum of the electromotive forces generated in the sep- 
arate turns. The current obtained from such a coil is 
ptihatiiig, and is similar to that described in Art, 1-4, 
For all practical purposes, the total E. M. F. generated 
by such a coil is directly proportional to the number of 
turns. For example, if a coil of one turn generates two 
volts at a certain position and angular velocity, then a coil 
of 4 turns will generate 8 volts under the same conditions, 
and so on. But the turns in each coil must be approx- 
imately close together. For, if the coil is wound over a 
large portion of the ring, some of the turns, at one position 
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[pf the coil, will be cutting the lines of forte as llicy pass 
out from the north jiole, while other turns will be cutting 
the lines of force as they enter the south pole, the electro- 
motive forces generated in the two cases being opposed to 
,ch other. This action will be readily understood by 
nding the entire core with one large coil of several turns 
'and connecting the two ends of the coil together, as repre- 
sented in Fig. 27. This is known as a ri«^ winding, or one 
in which the conductors are wound in the form of a helix 



mc 
^fani 




ton a ring core. At the instant the ring and coils reach the 

>sition shown in the figure, the E. M. F. generated in the 

icparate turns tends to act in the direction indicated by 

a arrow-heads upon the winding. No current can flow 

iTound the coil, because the clectruraotive forces generated 

1 the two halves act towards each other at a', and away 

a each other at i. 



I 10. It is possible, however, to obtain a continuous cur- 
mt from the coil by the addition of a commutator with 
leveral segments, as will presently be seen. If the ends uf 
I voltmeter are tnuched to a' and ;' during the instant the 
fanl occupies the position in Fig. 27, a difference of puten- 

|al between the two points will be indicated, «' being the 
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positive point atid i' the negative. Hence, if these two 
points are connected to an external circuit, a current will 
flow through it from a' to i', while the coil is at the position 
shown in the figure. As soon, however, as the coil is 
rotated about one-sixtcentli of a revolution, the difference 
of potential between a' and /' will begin to fall, and the 
greatest difference will now be found between /' and &'. 
About another sixteenth of a revolution will bring the 
greatest difference of potential between o' and g', and so 
on. In short, as the coil is rotated, the greatest difference 
of potential will always be found between any two turns 
situated diametrically opposite one another when they pass 
through the vertical diameter x y. The next operation is 
to provide some means to utilize this difference of potential 
between each pair of turns as they arrive in a vertical posi- 
tion. This is accomplished by connecting each turn to a 
separate segment of a commutator by a small conductor, and 




alliiwing two brushes to rub against the commutator at two 
points diametrically opposite each other on the vertical 
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:L-ted in miikiple-scrits. 
ieparate ct'lls from i? to h. 



diameter jr J', Fig. a8. From an examination of the figure, it 

will be seen that the two halves of the coil are connected in 

parallel or multiple; that is, the current divides at /', one 

halt paHsing.throiigh the turns i, J, I; I, etc., and the other 
bbrough k, g. f. i\ etc. to <7', where it again unites. The 
^maximum E. M. F, that is obtained from the coil is equal, 

iherefore, to the E. M. F, generated in one half of the coil. 

This statement will be better understood by comparing the 

coil to ii battery of voltaic cells 

For example, in Fig, 29, the j 

inclusive, correspond to 

the separate turns on 

one half of the coil, and 

the cells from i to / cor- 
respond to the turns on 

the other half. From 

Art. 56, Part 1. the 

total E. M. P. of the 

above battery is equal to the E. M. F. of either of the two 
nets which are connected in parallel; and the total E. M. F. 
'of either of the two sets is the product of the E. M. F, of 

1 cell and the number of cells which are connected in series, 

as from a to A, inclusive. 

comparatively large number of turns and segments 

, the current flowing from + 5, Fig. 28, through the 

:«rnal circuit to — D will be practically continuous, that is, 

pulsating; the fluctuations caused by the bru.ches when 

passing from one segment to another are extremely minute, 

and produce no appreciable change in the strength of the 

current in the external circuit. 
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^20. A conductor woimd upon a core in the manner 
iDwn in Pigs. 27 and 28 is termed acIuHed-G»il wlnfllns, 
ibce all the turns are connected together in one continuous, 

wt/osed, coil, and the current is obtained from it by tapping 

tto each turn or set of turns. In the case where the turns 

fsets of turns are separate and distinct from each other 

i their ends are connected to opposite segments of a 
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commutator, as in Figs. 19 and 20, the winding is termed 
an open-coll winding. 

21. A. closi-d-coil winding cs.n be applied to a cylindrical 
drum core as described in Art. 16, and a continuous non- 
pulsating current obtained from the brushes, as in the case 
of the ring core. The method of winding is somewhat 




similar to lliat of the ring, and each turn or set of turns is 
tapped into and connected to the segment of a commutator 
by a separate lead, as will be seen from the diagram. Fig. 30. 
This is known as a drum winding, or one in which the con- 
ductors are wound longitudinally upon the surface of a 
drum core. A drum winding may also be applied to a ring 
core, as will be seen. The conductor is started at any conve- 
nient place on the core, as, for example, at a, and wound 
across the face of the drum to the rear end; then, wound 
nearly diametrically across the end, and from there along 
the face of the core to the front end at a'. From a', the 
conductor is wound across the front end to a point some- 
what in advance or behind the original starting-point a. as, 
for e.\aniple, to b; from b it makes another complete turn 
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1 like manner, which is followed by a third, and so on, iinlil 

the last turn is connected to the first hy joining the two 

ends of the coil together at a. A separate lead /. is tapped 

_ into the conductor at every complete turn jiiicre it is wound 

.across the front end of the core and connected to the sepa- 

ite segments of a commutator. From an examination of 

le diagram, it will be seen that only a part of the wires 

i'on the face of the drum are cutting the lines of force as they 

■ enter and pass out of the core at any one instant during a 
I revolution. At the position represented, the wires c', fl, /' 

■ and d', c, a' are the inactive ones, so far as the lines of force 
ware concerned ; but they still perform the important func- 
F tion of completing the circuit for the current. The parts of 

the core where the wires are not cutting the lines of force 

as the core is rotated are called the neutral spaces ; and 

the two opposite parts of the commutator to which the coils 

L are connected are called the neutral points of the com- 

Imutator. Each individual wire becomes inactive twice diir- 

[,ing every rcvohition and passes through two neutral spaces; 

■ lilt this fact does not change the positions of the neutral 
Bspaces — they lie on an imaginary diameter approximately 

■ l^rixmdicular to the lines of force. This same effect takes 
!place in the commutator, i. e., each segment passes through 

Bitwo neutral points during one complete revolution, but 
■the neutral points remain in a fixed position relative to the 
voeutral spaces of the core. The neutral segments of ihe 
■commutator, at any instant during a revolution, are those 
segments which are connected to the wires passing llirough 
fjhe two neutral spaces at that instant. The neutral points, 
*owever, can be shifted to different points around the cnm- 
inutator by changing the leads from the coil to the seg- 
nts. For example, in Fig, 3'l, the two neutral points lie 
b>pposUe each other on the commutator along the vertical 
diameter :ir y. But if the lead from / is connected to 
Segment No. 7, instead of No, /, and the lead from // to 
legmenC No. S. and so on around the commutator, then the 
■wo neutral points will lie opposite each other on the com- 
mutator along a horizontal diameter, and in order to collect 
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any current from the commutator, the brushes -{-B and 
— B must be shifted around a quarter of a revolution to these 
new neutral points. 

The current flowing through the winding divides at one 
neutral space and flows through the coil in opposite direc- 
tions, uniting again at the other neutral space as indicated 
by the arrow-heads. According to the rule given in Art. 8, 
the current in all the active wires in front of the north 
pole flows along the periphery of the core towards the 
observer ; that in the wires in front of the south pole flows 
away from the observer. 

22. The next step is to determine the magnitude of the 

E. M. F. in volts generated in a closed coil. As previously 

stated, the E. M. F. generated in a conductor cutting lines 

of force at right angles is proportional to the rate of cutting. 

Consider the case of a single conductor moving across a 

magnetic field in which the total number of lines of force is 

known; the rate of cutting is equal to the total number of 

lines of force cut by the conductor, divided by the time 

required to cut them. This may be expressed in the form of 

N 
an equation: thus, rate of cutiutg = -—, where A'' is the total 

If 

number of lines cut and / is the time required to cut them. 

By definition, one volt is that E. M. F. generated in a 

conductor when it is cutting lines of force at the rate of one 

N 
hundred million (100,000,000) per second. Hence, F. = z^-rii 

where E is the E. M. F. in volts and / the time in seconds, 

since 100,000,000 = 10*. 

For example, suppose a magnetic field contains 4,500,000 

lines of force, and a conductor cuts the total number in the 

same direction in 1.5 seconds. The E. M. F. that is being gen- 

N 
erated in the conductor is equal to .03 volt, since £ = — ^ = 

4,500,000 



= .03 volt. 



100,000,000 X 1.5 

When two or more conductors are cutting lines of force 
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at equal rates^ the E. M. F. obtained by connecting them in 
series i« equal to the E. M. F. developed by one conductor 
multiplied by the number of conductors. Consequently, if 

\S 

S is the number of conductors in series, then E = t-tZ" 

where £ is the total E. M. F. in volts that can be obtained 
from 5 conductors cutting X lines in / seconds. For ex- 
ample, if 8 conductors are moved acrr^s the magnetic field 
containing 4,500.000 lines of force in 1.5 seconds, and they 

are connected m series, then £, = -— — = - _- --^ ,-- —- = 

10'/ l<Mi,iXx»,<i<Mj X 1.5 

.24 volt. 

Next, imagine these eight conductors to be moved across 
the magnetic field in the same direction at the rate of 30 
times per second for 1.5 seconds; then, the number of lines 
cut in one second is 4,500/KXi x 3^» = 135,<Mk),fMXi, and 
the total number of lines cut in 1.5 seconds is, therefore, 



202,500,000 X 8 



135,000,000 X 1.5 = 202,500,000. Hence, 



= 10.8 volts. 



100,000,000 X 1.5 

Here ;/ = the number of times per second that one conductor 
cuts the lines of force. 

But, in general, the E. M. F. that is obtained from several 
conductors connected in series moving continually across 
the same magnetic field at a constant number of times per 
second is independent of the length of time the operation 

is continued. For, in the above equation, E = — — — — , the 

two /*s cancel one another, leaving the equation, /f = ' . 

In the above example, for instance, so long as the eight 
conductors are moved across the magnetic field at the rate 
of 30 times per second, the E. M. F. generated in them is 
always 10.8 volts, no matter whether the operation is con- 
tinued for 1.5 seconds or for one hour. The time of 1.5 
seconds was used merely to make the demonstration clearer 
by using a specific value for /. 
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N Sn 
23. The equation E = can now be applied with 

some modifications to the closed-coil conductor wound upon 
either the ring or drum core. The ring core, Fig. 28, will 
first be considered. In the equation, E is the maximum 
E. M. F. in volts that is obtained from the brushes -^B and 
—B when the core is revolved; N is the total number of 
lines of force passing from the north pole through the core 
to the south pole. Each wire, therefore, on the periphery 
of the core cuts the total number of lines twice during every 
revolution; or, in other words, each outside wire cuts 2 N 
lines of force per revolution. 5 is the number of outside 
wires on the periphery through which the current flows in 
series, and ;/ is the number of complete revolutions per 
second of the core. Therefore, the maximum E. M. F. in 
volts that is obtained from the brushes is found by the 
formula 

That is to say, //le E. M, E. obtained from a number of 

eonduetors eonneeted in series and moved across a magnetic 

field is equal to tiuice the number of lines of force multiplied 

by the number of eonduetors in series and by the revolutions 

per second of the core, divided by 100,000,000. For example, 

assume the total number of lines iV passing from the north 

pole through the core to be 3,000,000, or N = 3,000,000. 

In the diagram. Fig. 28, there are 8 outside wires in 

series, or .S" = 8. If the core is rotated at 2,100 revolutions 

2 100 
per minute, ;/ = -' — — = 35 revolutions per second. Substi- 

tilting the values in the formula gives E = — —-^ — = 

2X3,000,000X8X35 

1U(),00(),00() =^'-^ ^^^^''' ^' '^" difference of 

potential between the brushes -\- B and —Bon open cir- 
cuit. The differenc e of potential between the brushes when 
the external circuit is closed is somewhat smaller than when 
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current is flowing; because, as in the case of the voltaic 
, a part of the total E. M. F. developed is required to 
rercome the internal resistance of the coil itself. 



The formula E = - 



lu" 



- holds equally true for the drum 
;s, the number of outside wires 



core. Fig. 30. In both i 
through which the current flows in series is equal to one- 
half the total number of outside wires. Hence, by using 
the same magnetic field and rotating the cores al equal 
:eds, the E. M F generated in botn cases will be 



feeds, 
ual. 
9J._ 



2-4. The foregoing articles demonstrate the elementary 
principles and physical theory of a dynatno. A dynamo, 
therefore, is a machine for converting mechanical energy 
into electrical energy by electromagnetic induction. It has 
three essential features, viz.: (1) a magnetic field; (3) a 
conductor, or several conductors, called an armature, in 
which the electromotive force is generated by some move- 
ment relative to the lines of force in the magnetic field ; and 
(3) a commutator, or a collector, from which the current is 
collected by two or more conducting brushes. 

In all dynamos, the magnetic field is produced cither by 

a permanent magnet or by an electromagnet, and they arc 

classified accurUingly ; for present purposes, however, it is 

sufficient to consider only the uniform magnetic field lying 

between the poles of some large magnet. In the preceding 

article, the armature core and commutator were assumed to 

be fastened rigidly to a shaft and the shaft supimrted by 

suitable bearings in such a position that the core would 

itate in the magnetic field with its axis of rotation at right 

lea to the lines of force. The shaft with core and com- 

itator was assumed to be rotated by some exterior 

fchanical power. The armature conductors were wound 

:rtly upon the core and rotated with il. If it were not 

mechanical considerations, however, only the armature 

iductors would need to be rotated ; the core could remain 

.ionary. 
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ARMATURE REACTIONS. 

25. When the current is flowing through the armature 
conductors, it produces several effects upon the magnetic 
field; and the field, in return, reacts upon the current. 
These effects will be considered before describing the typical 
forms of dynamos. 

Consider the case of a single conductor in which a cur- 
rent is flowing from a voltaic battery or a continuous- 
current dynamo, and a magnet. It has been shown that a 
magnet and a conductor conveying an electric current exert 
a mutual force upon each other; or, in other words, each 
tends to produce motion in the other. In the case of a com- 
pass placed over or under a conductor conveying a current, 
if the magnetic needle be held rigidly and the conductor be 
allowed to swing freely in a horizontal plane, it would tend 
to place itself at right angles to the length of the needle. 
In general, wlnn a conductor conveying an electric current' 
is placed in a magnetic field, the conductor will tend to tnoi'c 
in a definite direction and with a certain force, depending 
upon the strength and direction of the current, and upon tlie 
direction and density of the lines of force in that field. 

Imagine thiit a conductor conveying an electric current is 
placed across a uniform magnetic field, and that it lies in a 
position at right angles to 
the lines of force. For ex- 
ample, the diagram in Fig. 
:il represents a cross-sec- 
tional view of a uniform 
magnetic field, the dots 
representing the ends of 
1 the lines of force and the 
heavy line a conductor con- 
veying a current. The di- 
rection of the lines of force 
is assumed to be d o w n - 
wards, that is, piercing the 
observer is looking along 
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the lines of force towards the face of a suuth magnetic pole. 
'he lines of force along the conductor from the top to the 
'ttom of the magnetic field act upon the current in the 
inducior with equal intensities, and all tend to movt- 
the conducior in the same direction. This action, if the 
magnelic field is uniform, is similar to that of a uniformly 
distributed load upon a beam tending to move or bend it. 

The motion imparted to the conductor is perpendicular to 
the lines of force, and also perpendicular to the flow of cur- 
rent in the conductor. To fulfil these conditions, therefore, 
conductor in Fig. 31 must tend to move bodily either to 
le right or left across the field; in which of these two 
ircctions it moves depends upon the relative direction of 
of force with the direction of tlie current in the 
mductor. In this case, if the direction of the lines is down- 
Lfds, piercing the paper, and the current flows /rom the 
»p to the bottom of the diagram, as indicated by the small 
ow-heads, the conductor will tend to move from the left 
the right in the direction in which the two large arrows 
pointing. If the direction of the lines of force only is 
nged, the conductor will tend to move in the opposite 
jrcction, i. c, from the right to the left; or, if the direction 
the current in the conductor only is reversed, the con- 
ctor will lend to move also from right to left across the 
lid. But should both the direction of the lines of force 
td the direction of the current in the conductor be 
inged, the conductor would still tend to move from left- 
right. 

\ 26. There is a convenient thumb-and-finger rule for 
membering the direction nf motion imparted to a con- 
ftactor conveying an electric current when placed in a mag- 
Jetic field; it is similar to the rule for generated currents, 
Kit 8. with the exception that the /c/t hami is used instead 
ji the right. 

I Kule. — /&<■<■ thumb, forefinger, and middle finger of the 
ut hand each at right angUs to the t'ther twn; if the fore- 
r points in the direction of the Jiiies of force, and the 
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middle finger points in the direction toivards which the cur- 
rcrt flows, then the thumb will point in the direction of 

movement imparted to the 
conductor. 

For example, in Fig. 32, 
if a vertical conductor in 
which a current is flow- 
ing downwards 'is placed 
in front of the north 
pole N of a magnet, it will 
tend to move in the direc- 
tion as indicated by the 
thumb. 




27. Comparing the rule in Art. 8 with that given above, 
it will be seen that the two appear to oppose each other; or, 
in other words, the current which flows in the former case, 
according to the latter rule, tends to oppose the motion of 
the conductor and move it in the opposite direction. This 
is exactly what takes place. When a conductor is moved 
across lines of force, an electromotive force is generated 
which tends to send a current in a definite direction; if the 
circuit is open and no current flows, it requires no force to 
niQve the conductor across the field; but if the circuit is 
closed and a current flows through the conductor, then the 
action of the lines of force on the current opposes the orig- 
inal motion and tends to stop or retard the conductor. The 
opposing force is j)rop()rtional to the strength of current 
flowing in the conductor; that is, if a current of 10 amperes 
acts with a certain force, a current of 20 amperes w^ill act 
with twice that force, and so forth. Hence, the stronger 
the current in the conductor, the greater will be the force 
necessary to keep the conductor moving in the original 
direction. The above exphmation will be made clearer by 
the graphical ilhistration in Fig. 33. The diagram repre- 
sents a cross-sectional view of a magnetic field, the direction 
of tlie lines of force being downwards, piercing the paper. 
If the conductor c c' be moved across the field by some 
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;terior motive po 
rows a, a, a ciirrenl will flu' 
irectiun indicated by 

e small arrow-ht-ads, 
ccorciing to the rule 
iven in Art. 8. The 
mglh of the arrows 

a may also serve to 
:presenl the magni- 
icic of the force that 
lOves the conductor. 
s the current flows 
hrough the conductor, 
he lines of force inime- 
liately react upon it, 
reducing a coutttt-r i''i,.a.y 

which Lends to stop the coiiductur and move it in the 
ireclion indicated by the arrows b, b. The counter force 
ould never actually move the wire in the direction of the 
rrows A, b, but it exerts a dragging effect upon the cnn- 
UcLor, which would reduce its speed and almost stop its 
lotion if the exterior motive force were not increased. So 
mg as the conductor is moved, the applied motive force is 
iways larger than the counter force, as graphically repre- 
inted by the relative lengths of the arrows. 

28. The above principle explains the action of convert- 
Ig the mechanical energy into electrical energy in the 
fnamo. For example, suppose that an armature is rotated 
^3 constant speed in a magnetic field by some exterior 
lotive force, as, for instance, by a belt from an engine. If 
le armature is properly wound and connected to a com 
lULator, an electromotive force is generated in the outside 
mductors on the core, causing a difference of potential 
itween the brushes. If the brushes are not connected to 
I external circuit, and no current is flowing through the 
■mature, it requires no energy to rotate the armature, 
icepting a small amount to overcome the friction of the 
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shaft in the bearings and the loss in the armature iron 
by eddy currents. By connecting the brushes to an ex- 
ternal circuit, however, and allowing a current to flow 
through the armature, the conditions are altered. The lines 
of force react upon the current in the conductors, tending 
to rotate the core in an opposite direction and to retard its 
motion; the stronger the current, the greater will be the 
retarding effect. Hence, in order to keep the speed constant 
and to generate a constant E. M. F., more energy must be 
supplied to the pulley from the engine. This retarding effect 
of the current is known as the counter torque of a dynamo. 
The word torque, which will appear later in connection with 
the action of motors, means simply turning iorce. 

It can be mathematically proven that the mechanical 
energy delivered to the armature from any exterior source 
is exactly cijiial to the electrical energy obtained from the 
armature plus the energy lost in mechanical friction, eddy 
currents in the iron, and other small losses, which will be 
described subsequently. 



20. Besides producing a counter torque in the i 



ture, the current tends to distort o 




■-=#»: 



the armature < 



crowd the lines of force 
from their original po- 
sition in the magnetic 
field. This effect is 
termed armature 
reaction, and will be 
understood by inves- 
tigating the magnetic 
effects of the current 
in the armature when 
the armature is re- 
nn)ved from between 
the poles of the field- 
magnets. In the dia- 
gram, Fig. 34, the cur- 
rent is flowing through 
tion as represented in 
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Fig. 2S. The current circulating around the armature coil 
in two directions acts as a magnetizing force upon the core 
and produces two electromagnets. According to the rule 
for magnetic polarity, the two magnets thus formed oppose 
each other at the two neutral spaces of the armature; that 
is, their like poles TV, .V and S, S' tend to act in opposite 
directions at the neutral spaces. As previously explained, 
lines of force can never intersect each other, and will 
.always produce consequent poles when acting in opposite 
ilirections at one place. Therefore, in this case, two con- 
sequent [Miles are formed in the core, one at each neutral 
space, as shown in the diagram. The polarity of the con- 
sequent poles, of course, depends ujion the direction in which 
kthe coil is wound upon the core and the direction in which 
e current is generated. The same action occurs when the 
torinature is rotated between the poles of a magnet and a 
flows through the coil, although the conditions are 
newhat altered. The lines of force from the magnet lend 
> pass through ihe core nearly at right angles to those pro- 
duced by the current. The lines can never intersect, how- 
ever, and they crowd and distort one another in order to 
coincide in direction. The lines that pass out from the 
nori h pole of the magnet tend to enter the core at the south 
consequent pole and to pass out from the core at the north 
consequent pole. At the same time, the south consequent 
I»ilc is shifted towards the north pole of the magnet, and 
the north consequent pole towards the south pole of the 
magnet. The diagram in Fig. 35 represents the manner in 
which the magnetic field is distorted by the reaction of the 
armature current. In the case where the armature was 
removed from the magnetic field, the consequent poles coin- 
cided with the neutral space; but when the armature is 
replaced, as In the diagram, the consequent poles are shifted 
backwards against the direction of rotation, and the neutral 
spaces are moved forwards in the opposite direction, as indi- 
i.aiedbythe imaginary diameter xj". As the positions of 
tlie neutral points on the commutator depend upon the posi- 
tions of the neutral spaces on the core, they are also shifted 
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forwards in the direction of rotation when the current flows 
through the armature; hence, the brushes must be moved 




forward in order to obtain the full E. M. F. generated in 
the coil. The stronger the current, the farther forwards the 
brushes should be shifted. 

;tO. From the fact that iu all dynamos of this character 
the relation of tlie lines of force, direction of rotation, and 
directinn of current are constant, the neutral spaces are 
a/wiij's shificii forxv-anh in the direetioa ef rotation when the 
current bfcomts stronger, no matter hinv the coil is wound 
upi)n the annaturt;, or in which direction the lines of force 
pass tlirough the cure. 

These armature reactions are not confined entirely to the 
ring core, but are ]>n>duccU wiiJi the same effects in adr 
cure armature, such as represented in Fig. 30. If the di 
tion of the current is traced by the arrow-heads upon thi 
conductors, it will be seen that the current is flowing upward; 
along the face of the ci>re in front of the north pole, as repre- 
sented by the open circles, Pig. ;!(i, and downwards in front 
cf the south i">le, us represenled by ihe solid circles. The 
lines of force surrounding each conductor in which the 
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■current is flowing coincide with those around the adjacent 
Conductors, forming a large number of long lines which pass 
Ithroughthecore and produce consequent poles at the neutral 
I spaces, as shown in Fig. 3(i. The direction of the lines of 
force around the conductors in which the current is flowing 
downwards corresponds with the movements of the hands of 




R watch, while the direction of the lines around the other ron- 
tf uctors is opposite. The lines from all conductors, however, 
X>incide in direction in passing through the center of the 
When the armature is rotated between the poles of a 
Oagnet, the field is distorted, and the neutral spaces shifted 
irwards in a manner similar to that described for the ring 



31- Armature reactions not only distort the magnetic 
ield, but also have a tendency to reduce the total number 
s of force from the magnet, and thereby diminish the 
. M. F. generated in the armature. This effect, however, 
an be almost entirely eliminated by increasing the strength 
I the field, or, in other words, by increasing the number of 
s of force passing through the core. This fact leads to 
3ic consideration ni fteld-magneli. 



42 DYNAMOS AND MOTORS. g 29 

FI ELD-MAGNETS. 

32* In Art. 24 it was stated that the magnetic field in 
all dynamos is produced from either a permanent magnet or 
an electromagnet. A dynamo of the first class is called a 
magneto- mac bine. Such machines are necessarily small 
on account of the difficulty of making large permanent mag- 
nets; in fact, the field in most magneto-machines is pro- 
duced by several permanent magnets placed side by side. 
^__.^ The magnets are usually of the U-shaped 

z' >. pattern, of hard steel, and with a recess 

bored out between the ends of the poles 
to admit the armature, as shown in the 
diagram. Fig. 37, 

As the majority of magneto^machines 

are made for testing and signaling pur* 

poses where alternating currents can be 

*■■ used to advantage, the armature is wound 

' ^ with one large coil of wire, and the two 

'°' ^' endsof thecoilareconnected totwosepa- 

rate collector rings, as shown in Fig. 38. The alternating 
current is obtained from two brushes, one rubbing against 




each collector ring. The brushes can hear upon the collector 
ring at any position relative to the coil and the field-magnets, 
since all parts of one collector ring are at the same potential 
in any instant. By comparing this coil with that in Fig. 13, 
it will be seen that the current obtained from the two brushes 
flows in two directions during every revolution, 

33. In nearly all dynamos furnishing current for lamps, 
power, and other commercial purposes, the magnetic field is 
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.{Uoduced by an elecLromagnet, This class of dynamos is 

"vided into various types, depending upon the manner in 

ch the current is obtained to excite the field- magnets. 

34. The first class of machines to be considered is 
termed a scpjtrately-exclted dynamo, from the fact that 
its field-magnels are excited or magnetized by a current 
from some external source, as, for instance, a voltaic bat- 
tery, or another con- 
tinuous-current dyna- 
mo. The connections 
of a separately-excited 
dynamo are represent- 
ed in Fig. 39. The 
magnetizing coils are ,, 
Wound around the 
cores of a magnet and 
connected to the ter- 
minals of a voltaic bat- 
tery H. The exciting 
current flows from the 
battery around the 
cures of the field-mag- 
net in such a direction 
as to produce a closed magnetic circuit through the arma- 
ture, and has no connection whatever with the current 
obtained from the brushes by rotating the armature. If the 
strength of the exciting current is not changed, the differ- 
ence of potential between the brushes of the dynamo when 
the armature is rotated at a uniform speed remains constant 
•ill long as the external circuit is open; but when the external 
inin't is closed, the difference of potential gradually dimin- 
-lies as the strength of current increases, owing to the 
;[iternal resistance of the armature conductors and the 
reactions of the armature current on the field. 




3jS. The inaKnetlzln(cf(»rce is that which produces the 
lines of force in the magnet. Us strength is proportional 
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to the strength of current flowing and to the number of 
coils or complete turns around which the current circu- 
lates. The total number of turns multiplied by the strength 
of the current in amperes will give the magnetizing force 
in ampere- turns. It has been proven that 10 amperes 
circulating around 20 turns exert precisely the same mag- 
netizing force as 1 ampere circulating around 200 turns, or 
as 200 amperes circulating around 1 turn. In each of these 
cases, the magnetizing force is 200 ampcrc-turns. But the 
number of lines of force produced in an electromagnet is not 
directly proportional to the magnetizing force in ampere- 
turns. The strength of the magnet in lines of force depends 
upon the permeability of the magnetic substances used in 
the core. The permeability varies greatly in different 
magnetic substances, depending upon both the physical 
condition and the chemical composition of the substance. 
In general, wrought iron^ soft sheet iron^ and steel have 
greater permeability than cast iron, and, whenever avail- 
able, should be used in field -magnets in preference. The 
permeability, however, of all magnetic substances changes 
with every stage of magnetization. In all kinds of mag- 
netic substances, tlie permeability decreases when the mag- 
netism is increased beyond a certain limit. This tendency 
of the substance to become less permeable is called mas:- 
netic saturation ; that is, the substance becomes saturated 
with lines of force and can not hold any more. A limit is 
never reached where actual saturation takes place, but there 
is a limit beycMul which it becomes impracticable to mag- 
netize the substance. Tlie practi(\il saturation in wrought 
iron, soft sheet iron, and cast steel is when there are between 
l'^0,(K)() and i:U),()0() lines of force per sq. in. of sectional 
area of the iron, measured on a plane at right angles to the 
lines of force \\\ the magnet. In gray cast iron, the prac- 
tical saturation limit is from 00,000 to 70,000 lines of force 
per sq. in. Hence, when these limits are exceeded, it 
requires an enormous increase in the ampere-turns to produce 
a slight change in the number of lines of force in the magnet. 
In general, however, the field-magnets of dynamos are 
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signed with the density u( the Hues of force Liclow the 
ration limits, and it is safe to assume that any change 
le strength of the current circulating around the mag- 
sing coils produces a corresponding change in the num- 
fcr of lines of force passing through the magnetic circuit, 
BQiisequently, if the strength of the current in the field coils 
t n separafeiy-i'xcitcd dynamo is increased as the current in 
B armature becomes stronger, the E. M. P. obtained from 
s brushes will remain practically constant. This is nsu- 
y accomplished by inserting an adjustable resistance-box, 
r field rheostat r, in series with the battery and field coils, 
md decreasing the resistance as the difference of potential 
ietween the brushes tends to drop. 

t 3fi. The second class of machines with an electromagnet 
I termed a Helf-excitlns shunt dynamo, or simply a 
dynamu, from the fact that the exciting current 
r the field-magnet is furnished by the dynamo itself, the 




|$]c] coils being connected in shunt with the external circuit 
jom the brushes. In Pig. 40, one terminal of the mag- 
stizing coil is connected to the positive brush, and the other 
a binding-post on the field rheostat r\ the negative brush 
nnccled to the arm of the field rlicosl;it- If ibe resist- 
ice of the rheostat is neglected or cut out, it will be seen 
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that the total difference of potential exists between the 
terminals of the magnetizing coils when the dynamo is 
generating its jnaximum E. M. F. The magnetizing coils 
of a shunt dynamo, however, consist of a large number of 
turns of fine copper wire, thus making the resistance large 
in comparison with the difference of potential between the 
field terminals. In well-designed dynamos the resistance of 
the shunt coil is large enough to allow not more than 
about 5<^ of the total current of the dynamo to pass through 
the field coils; for, according to Ohm*s law, the strength of 
current in amperes circulating around the field coils is equal 
to the difference of potential in volts between the brushes, 
divided by the resistance in ohms in the field coil, neglect- 
ing the resistance of the rheostat. For example, suppo.se 
that the difference of potential between the brushes of a 
shunt dynamo is 500 volts when a current of 10 amperes is 
flowing from the armature. If 5^ of this current is required 
to excite the field-magnets, the strength of current circu- 
lating around the field coils is 10 X .05=. 5 ampere; and 
if E^ is the E. M. F. at the brushes, (7, is the current in 
the shunt field, and J^^ is the resistance of the shunt field, 

Ii 500 
then, according to Ohm's law, K^ = -^ = -•^— = 1,000 ohms. 

Cg .5 

37. When a shunt dynamo is rotated at a constant 
speed, an appreciable length of time elapses before the arma- 
ture generates a maximum E. M. F. after the field circuit 
is closed, and in some cases a self-exciting dynamo will 
generate no E. M. F. until after it has been once separately 
excited. The starting of a dynamo to generate an E. M. F. 
is termed p2ckin|i2:-up, or l>uildins:-up. If the field cur- 
rent of a dynamo is open so that no current flows through 
the magnetizing coil, the armature would generate no 
E. M. F. when rotated, providing the field-magnets were 
not permanent magnets; consequently, when the field cir- 
cuit is closed on a shunt dynamo, no current will flow 
through the magnetizing coils, because there is no differ- 
ence of potential between their terminals. But nearly all 
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magnetic substances Uecome permanent magnets in a slight 

■degree after once being magnetized. 

s permanent magnetism is called residual magnet- 

Tlsni. since it resides in the metal after the magnetizing force 
has lieen removed. In general, soft iron and annealed steel 
retain -only a small amount of magnetism, and in some 
cases the residual magnetism is imperceptible. Chilled iron 

^ and hardened steel retain residual magnetism in large quan- 
tities. Artificial or permanent magnets are made by pla- 
cing a piece of hardened steel in a dense magnetic field or in 
contact with another magnet, Lodestone is the result of a 
natural residual magnetism. Iron and its alloys will also 
become slightly magnetized in the process of refining and 
orking. 

From these facts it will be seen that the cases where field- 
nagnets do not exhibit some residual magnetism are exceed- 
Plngly rare. The armature conductors when cutting the 
Klines of force of the residual magnetism generate a small 
¥E. M. F., and this E. M. P., in turn, causes a feeble cur- 
I rent to circulate around the magnetizing coils when the field 

■ circuit is closed. The residual magnetism is, therefore, 
■"reenforced by the magnetizing effect of the current, which 
I'is followed by an increase in the E. M. F. generated, and 

■ that, in turn, by a stronger current in the field. These 
Ractions and reactions continue until a limit is reached where 
[the fields become saturated with magnetism, and the number 
■bf lines do not increase at such a rapid rate; finally, both 
Bthc E. M. F. and the current in the field become constant. 



38. The difference of potential between the brushes 
■of shunt dynamos gradually decreases as ihe current from 
^he armature becomes stronger, on account of the internal 
[resistance of the armature conductors and the reactions of 
phc current on the field. The effect is even more marked 
in in separately-excited dynamos, because a decrease in 
; difference of potential between the brushes causes a 
:otTesponding decrease on the field terminals, thereby 
Iweakening the current in the magnetizing coils. In order to 
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compensate for the decrease in the E. M. F., a field rheostat r 

of comparatively high resistance is connected in the field 

circuit, and so adjusted that when no current is flowing in 

the external circuit only enough current flows through the 

field to produce the normal difference of potential between 

the brushes; this normal difference of potential between the 

brushes is kept constant, as the load increases, by gradually 

cutting out, or short-circuiting, the resistance coils of the 

rheostat. 

Note. — The word load as used above is a common expression for 
current in dynamos generating a constant potential, and the student 
should become familiar with its use. 

39. The third class of machines whose field-magnets 
are excited by an electric current are termed self-excltlnfi: 

series dy namosyor simply 
series dynamos* The 

magnetizing coils of a series 
dynamo are connected di- 
rectly in series with the ex- 
ternal circuit; that is, all 
the current from the arma- 
ture circulates around the 
magnetizing coils and flows 
through theexternalcircuit. 
The connections of a series 
dynamo are shown in Fig. 
41. The current starts from 
the positive brush +^'> cir- 
culates around the external circuit AV, from thence through 
the magnetizing coils back to the negative brush —B, The 
action of a series dynamo differs widely from that of a shunt 
dynamo. In the first place, no E. M. F. is generated in the 
armature unless the external circuit is closed and a current 
flows from the brushes, that is, neglecting the small E. M. F. 
generated by the residual magnetism. In the second place, 
the difference of potential between the brushes depends upon 
the strength of current flowing from the armature. The 
E. M. F., however, is not directly proportional to the 




Fig. 41. 
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strength of the current unless the iiiternal resistJtnce and 
reactions of the armature are negligible. Compared with the 
coils on a shunt dynamo, the magnetizing coils of a series 
dynamo are made of a few turns of a large conductor. This 
wis necessary, because the coils usually are required to carry 
fthc total current from the armature; the conductor is made 
large to carry the current without healing, and only a few 
iurns are used to secure the proper degree of magnetiaa- 
ince that is proportional to the ainptrc-tiirns. 

•to. The E. M, F. of a series dynamo may be regulated 
[I three different ways, viz. : (1) By controlling the strength 
bf current in the external circuit as previously described; 
(2) by short-eircititittg, or cutting out, part of the magneti- 
zing coils; and (3) by shunting pa.r\. of the current around the 
magnetizing coils. 

Thesecond of the above methodsof regulating the E. M. P. 
prill be understood from the diagram in Fig. 42. S F xtp- 
ssents the magnetizing sr 

»ils. ^ is a contact arm 
twhich travels in either 
uclircclion along the line 
WXy, one end making con- 
act with the ends a,b,f,,l, 
■ etc. of the series field, and 
the other being always 
connected to the external 
circuit Re. As the arm no. 4- 

is moved towards .r, the turns between it and k are cut out 
Kef circuit; that is, the current from the armature circulates 
ground only those coils between the arm and ii; if the 
Kstrength of the current remains constant, the magnetizing 
■force is thereby reduced. On the contrary, when the arm 
moved towards y, additional turns are connected in 
tircuit, and the magnetizing force is increased. 

, 41. The third method of regulating the E. M. F, of a 

sries dynamo changes the strength of the magnetizing 

Bcurrent instead of varying the number of turns in the coil. 
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This effect is accomplished by connecting a resistance K, 
Fig. 43, in parallel or shunt with the series field coils S F, 
the current dividing between the two circuits inversely pro- 
portional to their separate resistances. Consequently, to 
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increase the magnetizing force on the field-magnets, the 
resistance K of the shunt circuit is increased, and vice versa. 
The total current from the armature is made to pass 
through the magnetizing coils by opening the shunt circuit 
entirely. 

42. In the dynamo previously described, the regulation 
of the E, M. F. is not automatic; it is accomplished by a 
mechanical movement of an 
arm or contact. This move- 
ment is sometimes imparted 
by a magnet controlled by 
the current from the arma- 
ture, but more often the 
E. JI. F. is automatically reg- 
ulated in the dynamo itself 
by a combination of the shunt 
and scries magnetizing coils. 
Such machines are termed 
compound) or ahunt- 
and-!4«rl«s, dynamos. In 
t of a larjje number of turns 
[ion llic core of the magnet. 




Fig. 44, the shunt < 
of fine insulated ( 
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The series coils, consisting of a few turns of large insulated 
wire, are wound over the shunt coils. The main part of the 
current from the armature flows from the positive brush 
+ B, through the external circuit Re, thence through the 

' series coils to the negative brush —B. The two terminals 
4>f the shunt coils are connected to the two brushes +/> 
and —B, respectively. But the series and shunt coils are 
so wound that the currents in both circulate around the 
core of the magnet in the same direction when connected, 
as shown in the diagram. The action of both currents, 
therefore, is to produce the same polarity in the magnet, 
the shunt current being reenforced by the scries current. 
When the dynamo is not loaded, that is, when no current is 
flowing in the external circuit, and the armature is rotated 
at normal speed, the normal E. M. F. is generated in the 
armature due to the magnetic field produced by the shunt 
coils alone. Upon dosing the external circuit, however, 
the difference of potential between the brushes trnds to 
decrease, and would continue to decrease, as previously 
described in a simple shunt machine, if the series coils were 
neglected. The current circulating through these, however, 
reenforces the magnetizing force of the shunt coils, and 
immediately increases the number of lines of force in the 
field, which, in turn, raise the difference of potential 
between the brushes tu normal. These actions are pro- 
duced simultaneously, and, to all appearances, the differ- 

I rncc of potential between the brushes remains normal for 
all changes of load in the external circuit. This method of 
regulating the E. M. P. of a dynamo is called cnmpouad- 
InK. The terminals of a dynamo are the binding-posis 
t<j which the external circuit is connected; in a series, or 
compound, dynamo one terminal is attached to the outside 
end of the series coils, as — T in Fig. 44, and the other 

i terminal is connected directly to the brush, as represented 

I by -f-7'in the figure. It is desirable in a great many cases 
to ov«r-cofn pound a dynamo, or, in other words, to wind 
a sufficient number of turns on the scries coils so as to 
increase the ditfertnce of potential between the terminals 
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of a dynamo aijove normal when the load increases. The 
expression per cent, over-compound means that the dif- 
ference of potential between tile terminals increases a given 




per cent, of the normal when the load is at a maximum. 
For example, supposing the normal voltage of a dynamo is 
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500 volts, and it is I'l^ over-compound at full load; the dif- 
ference of potential between the terminals of the machine 
at full load is, therefore. 500 -(- (500 X . 10) = 550 volts. 
In some cases it is an advantage to connect the shunt 
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firld outside the series coils; that is. in Pig. 44, to connect 
the negative end of the shunt coil to the negative tt^rminal 
— 7", instead of being connected to the negative brush —B. 
This connection is seldom used in practice. 
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TYPES OF BIPOLAR FIBLrD-MAGNETS. 

43. The various types of field-magnets for dynamos in 
which the armature revolves between only one pair of poles 
are shown in Fig. 45. It is customary to speak of such 
machines as bipolar dynaitioii, from the fact that only one 
pair of poles is presented to the armature. The broken lines 
and arrow-heads in each of the separate cuts represent the 
paths of the lines of force which must pass lengthwise 
through the coils from the north pole to the south pole. The 
black dots indicate a cross-section through the wires which 
form the coils. 

Field poles are distinguished as follows with respect to 
the coils producing them: {a) Salient poles; {d) Con- 
sequent poles. 

In all cases where a single coil is used, or where, if two 
coils are used, they are wound so as to produce unlike poles 
at their free ends, the poles are called salient poles. When 
two coils are used and wound so as to make their adjacent 
poles similar, the resultant poles are called consequent 
poles. 

Referring to Fig. 45, salient poles exist in fields By C, 6", 
y, A", A, J/, A', and consequent poles in A, D, E^ /% //, /. 
The adjacent coils in yi. Fig. 45, have their adjacent poles 
at .V and .V similar. Were these poles opposite, the mag- 
netic flux would circulate around the magnets without 
passing through the armature. 



TYPES OF DYNAMOS. 

44. Dynamos are divided into three general types, 
depending on the character of their currents. These three 
types are: 

1. Constant-potential dynamos, in which the 

E.M.F. remains constant and the strength of current (con- 
tinuous) changes with the load or external resistance. 
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Conntant-currcnt dynamoti, in which the strength 
Wot current (continuous and pulsating) remains constant and 
T the E. M. F. changes with the load. 

Alteraatln){-curr«nt dynamos, the current from 
I which alternates or 
^^nd whose E. M. F. 
Uirreat dynamos tl 

or 10,000 per minute. 

Note. — A dynamo which generates c 

venlioniilly u~ " ~ ~ 

e for lighting. 



with great rapidity 
In ordinary alternating- 
average generally either 



ONST ANT-POTENTIAL UYNAMOS AND GBNER- 

ATOHS. 

The foregoing articles have demonstrated the priu- 
Ic and regulation o{ constant-potential dynamos, but only 
; form has been considered, namely, a dynamo in which a 
g or drum armature is rotated between only one pair of 
■oles from a U-shaped magnet. Theoretically, however, 
»nstant-potentiaI dynamos can be built with one armature 
Bfevolving between any number of pairs of poles, although 
in practice eight pairs of poles are seldom exceeded. Ma- 
chines having more than 
one pair are called luul- 
I tlpolar dynamos. 

In multi{>o]ar dynamos 

I the pole-pieces and field 

■ cores are fastened inUi 

^one magnetic yoke, morc 

■ less circular in sbajn'. 

8 shown in Fig. -16, whii Ij 

iepresents the magnetir 

yrcuits of a four-pole dy- 

>. A magnetizing coil 

>und upon each field 

and the four cciiis 

F'src connected in series in 
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such n manner lliat when a current circulates around the coil, 
it produces first a north pole and then a south pole. The lines 
of force from each field core divide into two magnetic circuits 
in the yoke and armature, as represented in the diagram. 
Their density is practically uniform, however, where thi-y 
pass from the north pole into the armature core, or from tht 
armature core into the south \m\e. In nearly all multipolar 
dynamos this same principle of polarity is applied, that is, 
every o///er pole is of like polarity, and lines of force from 
each core divide into two magnetic circuits, in the arma- 
ture and in the field yke. 

46. The process of generating an E. M. F. is similar 
to that in bipolar machines, but there are some points which 




should be under»Lo<nl. Consider first llic case of a ring col 
with a closed-coil winding as shown in the diagram. Fig. 4' 
If the armature is rotated in the direction of the 1; 
arrow, the E. M. F. generattd in the conductors in front 
the south poles will tend to art downwards along the face 
the pole, while that generated in front of the north pole Wl 
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inci to act upwards. By tracing tnit, l>y aid <A the small 
'•rmw-hiiads on the conductors, the direction in wliich the 
E. M. F. acts, it will be seen that there are fonr points 
where the E. M. F. acts in opposite directions. The action 
of the electromotive forces is to meet at a' and /' and to 
i^ivide at / and «/'. The segments connected to a' and /' 
have the same potential and form two />i>j(V/:rneutraI points 
of the commutator; the segments connected to e' and »«' 
have the same potential and form two neutral jioints of the 
commutator. Hence, four brushes are necessary — two posi- 
tive and two negative. The current is obtained from the 
.armature by connecting the two positive brushes in paral- 
lel to one terminal of the external circuit, and the two nega- 
tive brushes to the other terminal, as shown in Fig. 48. 
The currents from the positive brushes unite to form the 
current in the external circuit and di- ^ 

vide again between the negative brushes. 
The current in the armature is divided 
into four circuits in parallel instead of 
two, as in bipolar dynamos, and the 
E. M. F. that is obtainable ■ 
■om the brushes is equal to that 
generated by the active conductors 
in one of the circuits only. For exam- fiu w. 

the difference of potential between the positive and 
legativc brushes in Fig. 47, when no current is flowing, is 
[ualtotheE. M. F. generated in one-quarter of the out- 
ide wires on the core; or, in other words, the total E. M. F. 
of the armature is proportional to the number of outside 
wires connected in series. 

The current in a ring armature wound and connected in 

this manner, if placed in a field-niagnt-t of six poles, would 

divide into sis circuits in parallet; if the armature is placed 

a field-magnet of eight poles, the current would divide 

ito eight circuits in parallel, and so on. An armature 

Ending of this character is called a parallel, or mult Ipiv, 

'iiulinif. since the current divides into as m;iny circuits 

parallel as there ;ire poli-s in the field-m:igiiel. 
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47. It is possible, however, lo connect and group the 
conductors in an armature for a multipolar dynamo so that 




the current divides into two circuits only, making the num- 
ber of active conductors in series equal to one-half the total 
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Bambcr of outside wires on the core. This armature wind- 

nng is termed a sirits wintfin^, since one-hulf of the total 

jbutside wires is the largest possible number that can be 

iinecicd in series and produce a continuous current. 

I There are many- different methods of connecting and 

Hnding armatures for generating a continuous current, the 

^cthod used depending upon the character of the current 

E. M. F. desired. Drum windings as well as ring 

irindings are connected in a variety of ways for miiltipoliir 

'Snd bipolar dynamos, but the principle of ciimmutation and 

generation of E. M. F, does not differ from that previously 

described; the E. M. F. is always proportional to the nnm- 

>cr of outside or active wires connected in series. 

48. The regulation of multipolar dynamos for constant 
lotential is accomplished by the changing of the strength 
[ the magnetizing force, as in the bipolar machines. In a 
Sompo^nd dynamo the series coils are wound on each field 
n(t all connected together in parallel or series, which- 
s more expedient. 
[49. Types of Multipolar Fl«ld-Ma|[netH. — The 
arious types of multipolar field-magnets are shown in 
Pig. 4D. Consequent and salient poles are used as in bipo- 
fie Id -mag nets, but the type generally employed has 
salient poles alone, as in f7and £. A embodies both conse- 
quent and salient poles. In B the field-magnet is surrounded 
by the armature and is known as an itttcrnal-p.>le dynamo. 
The field of this dynamo revolves, and the armature is kept 
stationary. The armature in all cases is that part "f a 
dynamo in which the current is generated. Each type of 
field-magnet in the above figure has its own special advan- 
Ages, but all represent good design. 

5U. Mechanical Construction. — Heretofore, only 

ilo principles of a dynamo have been considered; its mechan- 

il construction in detail depends upon the requirements of 

■he machine and upon the originality and tasle of the 

Bdesigner. A few general remarks, however, on the con- 

JAruction of the principal parts of the machine are neces5«iry 
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to give the student a clear conception of a complete dynamo 
ready for operating. 

The mechanical construction of a typical bipolar dynamo 
is shown in Fig. 60, which is a vertical section taken along 
the center of the armature shaft. The parts of the machine 
shown in the figure are lettered, and the names of the parts 
corresponding to the letters are as follows: 

A = Armature core, -which may be either punchings from 
sheet iron or built up of fine annealed iron wire. 

B = Armature spider for connecting core to shaft. 

C = Armature spider bolts. 

D = Armature key for fastening spider to shaft. 

E = Armature lock-nut. 

E = Pole-piece. 

G^ = Magnetic yoke. 

G = Magnetizing or field coil. 

/f = Frame. 

y^ X Commutator bars or segments. 

y = Commutator insulation. 

JC = Commutator shell or body, and rings for holding com- 
mutator segments in place. 

L = Bolt for clamping commutator frame. 

Af = Armature leads, connecting armature winding to 
commutator. 

N = Armature dressing or covering. 

O = Rocker-arm or brush-holder yoke. 

P = Brush holder. 

Q = Insulating bushings. 

R = Carbon brushes. 

R^ = Carbon-brush hammers. 

S = Shaft. . 



/ = Bearing or brass. 

[/ = Oil-rings. 

V = Standard. 

IV = Cap for standard. 

X = Pulley. 

y = Key for pulley. 

Z = Eye-bolt. 



Complete outfit 

called 

pillow-block. 
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51. Frame. — The frame is made up of two castings; 
the upper one forms the magnetic yoke G^ and pole-pieces /% 
and is bolted to the lower one //, which forms the base and is 
extended on either side to support the standards F, V. The 
pole-pieces are bored out to admit the armature core when 
wound ; the standards are bolted to the base casting, and are 
so adjusted as to allow the armature core to revolve centrally 
between the pole-pieces. The magnetizing or field coils C, 
only one of which is shown in this cut, are wound on sepa- 
rate bobbins or spools, and one is slipped over each pole- 
piece. 

52. Armature. — As generally used, the word arma- 
ture includes the wound core and commutator mounted on 
the shaft ready for operating. In Fig. 50, the armature 
spider B is made in two halves; each half is provided with 
flanges F^ at the ends to hold the disks or sheets of iron A 
in place. The disks are punched in circular rings from thin 
sheet iron annealed, and a large number are slipped over 
each half of the spider, which is then bolted together by long 
spider bolts C as shown. The spider usually has three or 
four arms joining the flanges to the hub, the armature con- 
ductors on the inside of the ring, in case of ring winding, 
being wound between the arms. The hub of the spider is 
bored out to slip over a portion of the shaft S\ it rests against 
a turned shoulder .V,, and is held in this position by the ar- 
mature nut /:'. The spider and core are made to revolve with 
the shaft by the aid of a key or feather /), fitted into the 
spider hub and into the shaft. The core and spider are insu- 
lated by mica, cloth, paper, etc., J/^, and the armature con- 
ductors are wound on them in the manner previously 
described, with armature leads properly connected to the 
winding at suitable places. After the core has been wound 
and the leads connected to the commutator, the winding is 
sometimes covered or dressed with cloth of suitable texture 
to prevent flying particles and dust injuring or short-circuit- 
ing the coils. The armature leads should be made of a flex- 
ible conductor or cable, insulated from one another with 
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otton or rubber tape; an electrical contact of two leads will 
t-circuit and burn out ihe intervening cdlI_ It is seme- 
mes the practice to use the armature conductors themselves 
■ for Iea.ds by looping the conductor and connecting the end 
of the loop to the commutator. This is bad practice, how- 
ever, and, except fur small dynamos, ought not to be fol 
lowed. A large solid copper wire is liable to become crys- 
tallized by the repeated vibration of the machine, and will 
eventually give way. 




Commutalor. — Kvery nialcfr of dynamos has a 
)ccial design of mmmiiiator. but all embody the same 
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general construction. Fig. 51 shows two enlarged views of a 
commutator such as is shown in place in Fig. 50. It will be 
noticed that the segments are broader on the outside of the 
commutator than near the center, thus providing for an 
equal t4iickncss of insulation between all parts of adjacent^ 
bars. A portion a of each segment projects above the gen- 
eral level of the commutator surface, and is provided with a 
slot into which the armature leads are securely fastened by 
screws i", s, as shown at /. Sometimes the leads are soldered 
to the segments. The method of clamping and securely hold- 
ing the segments is shown in the lower view. The commuta- 
tor shell, it will be seen, consists of two rings cc and c^c^^ 
clamped together by bolts d, b. The notches n in the seg- 
ments fit over corresponding projections on the rings, and 
as the bolts arc tightened the segments are drawn firmly 
against the insulation which separates them. The commu- 
tator shell is usually made of brass, sometimes of cast iron. 
This shell is, of course, thoroughly insulated from the com- 
mutator segments. A key is fitted into the commutator 
shell and shaft to cause the commutator to turn with the 
shaft. The armature leads from the winding are soldered 
or screwed to ears or clips extending from each commutator 
bar, as shown by the cross-sectional view. 

54. BruslicH and lirunti Holdcrn. — In the cut of the 

machine in Fig. 50, the brushes shown are made of carbon 
and rub against the segments of the commutator radially, 
the pressure being regulated by a spring which is attached 
to a hammer pressing on top of the carbons. The carbons 
slide in slots in the brush holders, fitting snugly, with but 
little i>lay or lost motion sideways. Both brush holders are 
provided with studs which pass through holes in the rocker 
arm, each stud being insulated from the arm by insulating 
bushings, as shown in the cross-sectional view. The rocker 
arm is fitted over the journal-box, and can be rocked or 
rotated to change the position of the brushes on the commu- 
tator as the position of the neutral points changes when the 
load is varit^l. This action is usually accomplished by a 
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indle attached lo llie rocker arm; and a thumb or set 
screw is provided to hf)ld Ihe rocker arm in position when 
properly adjusted. The current is taken from the brushes 
by a calile or flexible conductor connected to the brush 
holder, generally by the use of a small cable clip surround- 
ing the stud. On a large class of dynamos it is customary 
to use copper brushes; that is, brushes made either of cop- 
per leaves, strips, wires, or gauze. Such brushes are built 
in a great variety of ways, and on constant-potential 
ichiiics are generally used where the E. M. F. does not 
:ecd 12.'> volts. 



i 



S5. Journals i>r Bearlnt[H> — Tlie armatures of most 
dynamos are generally driven at ahigh speed compared with 
the average rotating machinery, and hence it is important 
that the journals or bearings should be of the best design 
possible. In the dynamo shown in Fig. 50 the bearings are 
called tMlf-alliinlntEiiuxes; that is, the linings are allowed 
to find their own alignment with the shaft. This is accom- 
plished by turning a spherical surface l\ around the center 
of the lining, and turning the cap and standard to match, as 
shown in the cross- sectional view. The linings / in such 
a bearing are usually made of some composition metal, as 
bronze or gun-metal, for small machines; on large machines 
the linings are made of cast iron covered on the inside with 
babbitt metal. 

The best practice in lubricating high-speed journals in 
dynamos is to make the bearings self-oiling or self-hihriea- 
ti't/^: that is, to design the bearings with a reservoir of oil 
below the journal, using some device to carry the oil from 
the reservoirs to the top of the journal, from whence it 
flows around the journalsand drops back into the reservoirs 
again. This method produces a constant circulation of oil 
round the journals and allows the oil to be used over and 
T again. 

good method of automatically oiling or lubricating 
ifings on journals is shown in the cross-sectional view in 
Two slots are cut across the top of each lining, 
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permitting two circular oil-rings I' to rest upon the jour- 
nals of the shaft; the diameters oC the rings are made large 
in comparison with the diameter of the shaft, and thd 
lower parts dip into the reservoirs of oil. When the shaft 
is rotated, the friction between it and the inside of tlie 
oil-rings causes the latter to revolve, thus carrj'ing the oi 
which adheres to the bottom part of the rings to the top i 
the journal, where it finds its way between the linings an^ 
the shaft. 

In general, any freely lubricated journals can be usedia 
dynamos or generators. 

S6. Driving MechanlHm. — The armatures of ncarljR 
all dynamos are driven in one of the following ways: (1) By 
using a flat belt passing over a pulley on the armature shaft 
(2) By using several ropes, side by side, running in a grooved 
pulley. (3) By connecting the armature directly to the 
crank-shaft or shaft of the driving machine, which, in most 
cases, consists of a steam-engine, steam turbine, or water- 
wheel. In any of the above methods, the driving mechan- 
ism should be amply capable of transmitting the total out- 
put of the dynamo with a suitable factor of safety. 




57. A perspertL\e Mt,w of the bipoHr dynamo 
described is shown in Fig 53 In the cut I he marhii 



DYNAMOS AND MOTORS. 



(17 



[epresented as ready for operating, and is mounted upon 

iding rails which are attached to the wooden bed-plate. 

> adjiiBling screws, one on each side of the machine, are 

w:d to move the dynamo along the rails, thereby loosening 

F»r tightening the belt as the circumstances may require. 

I^The current passes from the brush holders through flexible 

mpper cables to two terminals fastened to, but insulated 

■om, the pole-pieces; from the terminals the current passes 

iroiigh the serieswinding on the field or magnetizing coils, 

1 thence to a small connection board on the top of the 

ppole-pieces. An incandescent lamp is connected between 

f the main terminals of the connection board, and is used to 

vindicate when the machine is generating its norma! E. M. F. 

f A lamp used for this purpose is usually called a pilot lamp. 




\ 58. A multipolar dynamo for developing a constant 
totential and ready for operating is shown in Fig. 5-i. In 
f this machine the frame is made of two ni,iin castings; one 
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consisting of the upper magnetic yoke and two pole-pieces, 
and the other consisting of the lower magnetic yoke and two 
pole-pieces, from which project two extensions for support- 
ing the pillow-blocks. The dynamo slides upon a cast-iron 
bed-plate, and adjustment is made by a screw, as in the 
case of the bipolar dynamo. 

The two dynamos previously described are illustrations 
taken from actual practice, and embody some special fea- 
tures which are not found in other machines of the same 
character; they were selected, however, on account of their 
simplicity, to convey to the student a general idea of how 
electrical principles are combined with mechanical construc- 
tion. 

EFFICIENCY OF CONST ANT-POTENTIALr 

DYNAMOS. 

59. As previously stated, a dynamo is a machine for 
converting or transforming mechanical into electrical 
energy. In any transformation of energy, the total amount 
of energy is constant; when energy which is manifested in 
one form disappears, the same quantity will always appear 
again in another form (^r in several other different forms. 
This action is exactly that which takes place in a dynamo. 
A. certain amount of mechanical energy is delivered to the 
armature shaft of the dynamo by a belt or some other trans- 
mitting device; a large portion of the energy is converted 
into electrical energy in the armature conductors, and is 
transmitted to the external circuit, while the rest of the 
energy, usually the smaller portion, is converted directly or 
indirectly into heat energy in the different parts of the 
dynamo itself. The amount of energy delivered to the arma- 
ture shaft is always equal to the energy appearing in the 
external cir^niit from the brushes, plus the energy converted 
into heat in the dynamo itself. 

In a dynamo the mechanical energy delivered to the arma- 
tnre shaft is usually called the input; the electrical energy 
a[)pearing in the external circuit from the brushes is called 
the output, and the energy converted into heat directly or 
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indirectly in the dynamo itself is lermed enericy losses, 
ur simfily hti»A«s. This last term is not a strictly true one; 
for the energy converted into heat in the dynamo is lost only 
elation toils utility — it can nut be utilized to an advan- 
igc, and if too intense, endangers the life of the machine. 
I From what has been stated, it will be seen that the input 
Fof a dynamo is always equal to the output at the brushes, 
plus the losses in the machine itself; or, in other words, the 
losses in the dynamo are equal to the difference between the 
input and the output. It is assumed in the above statement 
that the input, output, and losses are reduced to the same 
units. For example, suppose that 30 horsepower is deliv- 
ered tu the armature shaft of a dynamo where the output 
tmrn the brushes to the external circuit is 13,428 watts. 
Reducing the 20 horsepower to watts gives 20 x 74'J = 
14.930 watts; hence, the losses in the dynamo are equal to the 
^^^[ffcrence between the input of 14,920 watts and the output 
^K 13,438 watts, or 14,920 — 13,428 = 1,492 watts. 

60. It is more convenient, however, to express the rela- 
tion 'if the inpul^ output, and losses of a dynamo in per- 
centage; that is, the output as well as the losses may be. 
expressed as accrtain per cent, of the input. The relation 
i'p the input to the output of a dynamo, expressed in per- 
..Liiiage, is termed the effleicncy of the machine. 

^^_X.et /= Ihe input of a dynamo; 

^H O = the output; 

^^K E = the per cent, eflficjcncy. 

^^rThen, the per cent, efficiency of a dynamo may be 

^B^ the formula 



(2.) 



P 



at is, to Ji lid I /le per cent, efftcicncy of a ilyiiuiiio, ilivide 
output in Xi.'olts by the input in -.valts anil muUiply by 300. 
F'T instance, in the above example, the efficiency, by 
rmula 2, 

_ IIWX i;i.42S 

^= 14.920 ="''t'"'--"^- 
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61. The relation of the input to the heat losses in a 
dynamo, expressed in percentage, is termed the per cent. 

loss. 

Let L = per cent. loss. 

Then, the per cent, loss in a dynamo may be found by the 
formula 

L = mi^). (3.) 

That is, to find tJie total per cent, loss in a dynamo^ divide 
the difference between the input and the output in watts by 
the input in luatts and multiply by 100, 

Example. — {a) What is the per cent, efficiency of a dynamo if 10 
horsepower is delivered to the armature shaft and the output from the 
brushes is equivalent to 6,341 watts ? ij>) What is the total per cent, 
loss in the dynamo when running under these conditions ? 

Solution.— Reducing the input of 10 H. P. gives 10 X 746 = 7,460 
watts input, (a) By formula 2, the efficiency 

E = — ^ .z,,x — = "0 per cent. Ans. 
7,4dU 

{b) By formula 3, the total loss 

. 100 (7,460-6.341) _ ^ . 

L = ^^ — rr-TT^y =15 per cent. Ans. 

7,400 

The efficiency of a dynamo depends upon its character, 
construction, condition when tested, its capacity (or output), 
losses, and various other conditions; in fact, two dynamos of 
the same construction and capacity seldom show exactly the 
same efficiency. The following list, however, will give the 
student a general idea of the approximate per cent, efficien- 
cies which should be obtained from constant-potential 
machines of different capacities, or outputs, under ordinary 
conditions met with in practice: 

From 750 to 1,500 watts output inclusive, about 75;^ 
efficiency. 

From 3,000 to 5,000 watts output inclusive, about 80^ 
efficiency. 

From 7,500 to 10,000 watts output inclusive, about 85j^ 
efficiency. 



FS9 



DYNAMOS AND MOTORS. 



Frfiin 1 
iericy. 
From 150,000 
iciency, 
t The t 



100 lu 100,000 watts output inclusive, alitnit 90^ 
;itts i)Ut|ml and upwards, from 111 to ito^ 



e method of actually testing a dynamo to find its ctH- 

iency and tosses is beyond the scope of this paper; the 

above, however, will serve as a guide to the student when 

computing the necessary power required to drive dynamos 

of different capacities or outputs. 

62. When the output of a dynamo and its corresponding 
iency are given, the input necessary may be found by 
formula 



r 



/=- 



(4.) 



That is, l/itr mput necessary to drive a dynamo, when its 
oHlpHt and efficiency at that output are given, is obtaimd by 
dividing the output by the per cent, efficiency and multiplying 
the quotient by !00. 



Example;. — The efficiency of a coiistanl-polential dynamo is found 
to be 85i when givinfc an output of 6.W1 watts; find the input in 
horsepowrr necessary to drive its armature shaft under these con- 



SoLtFTioN. — By formula 4, the input 

) watts. The equivalent of 7,iS0 watts in horscjKJW 

J horsepower, which is the power required to drive I 
laft of the dynamo under the stated conditions. Ans. 

I 63. When the input of a dynamo and its corresponding 
licicngy are given, the output may be found by the formula 



C = - 



(«.) 



That is, the output of a dynamo, of which the input and 
the efficiency at thai input are given, is obtained by tnui- 
Mj>lying the input by the per cent, efficiency and dividing 
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Example. — An input of 35 horsepower is delivered to the shaft of 
a dynamo; if its efficiency at that input is 89.5;^, find its output in 
watts. 

Solution. — The equivalent of 35 horsepower is 35x746 = 26,110 
watts. By formula 5, the output of the dynamo under these con- 
ditions. O = ^^'^^iQQ ^^'^ = 23,368.45 watts. Ans. 

64. The total loss of power in a dynamo can be sepa- 
rated into smaller losses, depending upon the manner in 
which tlie loss is produced and the part of the dynamo in 
which it occurs. In ordinary cases, all the losses will come 
under one of the following heads: 

1. Mechanical-friction loss. 

2. Core loss. 

3. Field loss. 

4. Armature loss. 

Friction Lomhch. — The larger part of the loss due to 

mechanical friction takes place between the bearings and 

journals. The brushes rubbing on the commutator produce 

some friction and consequent loss, but the amount is small, 

and in most cases need not be considered. The per cent, of 

power lost in mechanical friction necessarily depends upon 

the construction and condition of the bearings and journals, 

upon the size of the machine, and. to some extent, on the 

method of driving the armature shaft. Under ordinary 

conditions, the loss in mechanical friction should not exceed 

5^ of the input of dynamos from 1,500 up to about 10,001) 

watts output, and 3^ of the input of dynamos from 15,000 

to 100,000 watts output. For example, suppose that a 

dynamo has an efficiency of 8S^ at its rated output of 

'^2,000 watts, and a test shows that 2.5,^ of the input is lost 

in mechanical friction. The total loss in the machine is 100 

— ss =r l'li>, of which 2.5'?( is lost in friction; the remaining 

t).5f^ loss is due to other causes. The total input to the 

machine, from formula 4, is "-;';»" x 100 = 25,000 watts; 

25 1)00 X 2.5 
hence, tlu^ power lost in friction is — ' ' \~\(V~~ ~ ~ ^'^^ watts. 
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B5. Cor« Losses.— The core loss is the tiicrgy con- 
tied into heat in thu ironiiisks of the armature tori; when 
^y arc rutated in the inajjnetic field. A small portion of 
ia due to eddy currents generated in the revolving 
core disks, as explained in Art. 16; the larger portion of 
the loss is dne to a magnetic friclian whiih occurs whenever 
the direction of the lines of force is rapidly changed in a 
magnetic substance. When the magnetism of an electro- 
magnet is rapidly reversed — that is, when the direction of 
ilie lines of force is suddenly changed several times in rapid 
succession by reversing the direction of the magnetizing 
current — the iron or steel in the core becomes heated, which 
necessitates a certain amount of energy being expended. 
This effect is due to a kind of internal magnetic friction by 
reason of which the rapid changes of magnetism cause the 

1 to grow hot. This effect is called hyHtcresls. 
LTbe energy expended by hysteresis is furnished by the 
which causes the change in the magnetism, and in 
ise of wn electromagnet where the magnetism is 
versed by the niagnetining current being reversed, the 
lergy is supjiiied by the magnetizing current. 
The same effect is produced when the iron of the arma- 
e is rapidly rotated in the constant-magnetic field of 
E dynamo; this case differs from the electromagnet only 
fc the fact that the magnetic lines of force remain at rest 
and the iron core is made to rotate. Since the core is 
rotated from the armature shaft, the energy lost in hysteresis 
I furnished by the force which drives the shaft. 

iiss of energy due to hysteresis depends (1) upon the 
irdness and quality of the magnetic substance in which 
B magnetic change takes place, (2) ui>on the amount of 
-tal in which the reversal takes place, (:j) upon the num- 
f com|ilele reversals of magnetism per second, and (4) 
the maximum- density of the lines of force in the 
I. Building the core of iron disks docs not affect the 
Uerctic loss; it only reduces the eddy currents. Hys- 
■clic loss is greatly reduced by using soft annealed iron, 
^ch exhibits only slight traces of residual magnetism; 
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for where the residual magnetism is large, the loss due to 
hysteresis is large in proportion. The hysteretic loss in- 
creases in a certain ratio with the magnetic density and the 
number of reversals per second; hence, these quantities are 
kept within reasonable limits. In well-designed dynamos 
the magnetic density in the armature rarely exceeds 85,000 
lines of force per sq. in., and the maximum number of 
complete reversals of magnetism in the armature core is 
about 133 per second. In bipolar dynamos the number of 
complete reversals of magnetism in the armature is equal to 
the number of revolutions per second at which the arma- 
ture shaft is driven; in multipolar machines the number of 
reversals is equal to the number of revolutions of the arma- 
ture shaft, multiplied by the number oi pairs of poles. For 
example, if the armature of a four-pole dynamo is driven at 
GOO revolutions per minute, or 10 revolutions per second, 
the number of complete reversals of magnetism in the 
armature core is 10 X 2 = 20 per second. 

In a well-designed dynamo, the core loss, including eddy 
currents and hysteresis, should not exceed 2^^ of its input 
when delivering its rated output from the brushes. 

Bt>. Field l^oHscs. — In self-exciting dynamos, a portion 
of the electrical energy generated in the armature is required 
to excite the fielcl-magncts. This energy is considered as 
oiie of the losses of the dynamo, since it does not appear in 
the external circuit and it is entirely dissipated in the form 
of heat. 

In a series-connected dynamo, where the total current 
from the armature passes through the magnetizing coils, 
the power in watts is c(iual to the square of the current, 
multiplied by the resistance of the series turns, as already 
demonstrated in formula 2(), Part 1. If, then, C is the 
total current from the armature, r is the total resistance of 
the series coils, and ]V is the watts lost in the series coils, 
then, W = C^ r. For example, suppose that a series dynamo 
generates '2O0 volts between its terminals when a current of 
100 amperes is flowing from its brushes through its series 
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coils ami through the external circuit. The total output of 
the dynamo is, then. 100 x 200 = 20,(M)0 watts. If the total 
resistance o£ the scries coils is .1 ohm, then the number of 
watts (if) required to excite the field-magnets = Cr = 
I' X .1 = 100 X 100 X .1 = 1,000 waits. 



m 



©7. In a shunt dynamo which generates a nearly con- 
stant potential for limited strengths of current in the arma- 
ture, the field coils, as stated in Art. 36, usually consist of 
a large number of turns of fine wire, offering a high resist- 
ance compared with the field coils of a series dynamo. The 
inside and outside ends of the shunt field coils are connected 
to the positive and negative brushes, respectively, of the 
dynamo in parallel with the externa! circuit, thereby allow- 
ing the full potential of the dynamo to act against the resist- 
ance of the coils. Then, from Ohm's law, the current in the 
shunt coil is equal to the electromotive force of the brushes, 
divided by the resistance of the coils. Let ^, represent the 
differcnceof potential between the brushesof the dynamo when 
running at normal speed and fully excited, let r, represent 
the resistance of the shunt coils, and C. represent the current 
in the shunt coils. Then, from Ohm's law, the current in the 

shunt coils is given by the formula C, = — '. For ejiample, 

suppose that a shunt dynamo, when running at a constant 

:cd, generates a constant difference of potential of 110 

ilts, and the resistance of the magnetizing coils from the 

positive connection to the negative connection is 55 ohms; 

■ ir A.= lliJ volts and r, = 55 ohms. Then, the current in 

the shunt coils would be given by substituting these values 

, - , ^ Ji. IIO ^ 

in the above formula, or t . — — = - .-- = 2 amperes. 
I r, 55 '^ 

[ This gives the strength of current in the shunt coils, but 
does not indicate the amount of power required to con- 
stantly excite the field-magnets. By formula 19, Part 1, 
the power in watts, ll'^C /:; that is, it is equal to the cur- 
rent in amperes flawing through the shunt coils, multiplfcd 
by the difference of potential in volts between the terminals 
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of the shunt coilsu Wc hare found in this case that the cur- 
rent C=^ amperes and the B. M. P. £= 110 volts; then, 
ir= 2 X 110 = ttO watts, which represents the power 
required to excite the field-majrnets. 

Since the power in watts can be expressed in terras of 
resistance and electromotive force, or resistance and strength 
of current, the number of watts dissipated in the shunt coil 
is also given by either formula 20 or 21 9 Part 1. 

All other conditions being similar, the same number of 
watts will be dissipated in a sHunt field coil as in a series 
coil, provided an equal amount of magnetizing force is pro- 
duced in the two cases. 

AS. In a compound- wound dynamo, the field loss con- 
sists of two losses, one in the series coil and the other in the 
shunt coil. The loss in the series coil depends upon the 
strength of current flowing from the dynamo, as in the case 
of a simple-series dynamo, while the loss in the shunt coil is 
constant, irrespective of the load on the machine; provided, 
of course, the dynamo generates a constant electromotive 
force for all loads. This can readily be understood from the 
following example: A dynamo is compounded to generate 
*2'2o volts between its terminals for all loads up to its rated 
capacity; that is, when the current from the armature 
becomes strony^er and the difference of potential between the 
terminals tends to fall, the current in passing through the 
series coil strengthens the field-magnets sufficiently to keep 
a difference of exactlv H'lO volts between the terminals of 
the dvnamo. Assume the resistance of the shunt coil to be 
•^75 ohms and that of the series coil to be .055 ohm. At a 
rated output of 4,4oo watts, the current flowing through 
the series coil and into the external circuit is ViV =^ '^*^ ^™* 
peres (assuming; the connections are made ior b. short shunt). 

E 220 

At all loads the current in the shunt coil is C. = -- = -— — = 

r, 275 

.H ampere, and the loss of power in the shunt coil is IT, = 
/'/X C\ = 'Z'l^) X .S — K(i watts; even when the external cir- 
cuit is open the loss in the shunt coil remains constant, or 
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||7G watU in this particular case. The loss in the series coil, 
lowcver, varies directly with the square of the current pass- 
j through it. In this example, the loss in the series coil 
■ ifl If'= O X r = 20* X .055 = 32 watts; at half load, or 
10 amperes, the loss is ]V= 10' x .055 = 6.5 watts, etc. ; at 
no load there is no current in the series coil, and, conse- 
quently, no loss. The total field loss in a compound dynamo 
is the sum of the losses in the series and shunt coils. For 
instance, in this example, the total field loss at full load is 
^i»A watts; at half load, 1«1. 5 watts, and at no load, 17C watts. 

I* 09. The amount of power lost or dissipated in the field 
'■tils of a dynamo depends {1) upon the capacity of the 
'ynamo, (2) ujHin its design, and (3) upon the amount of 
■ ippcr used in the coils. In the last condition it is obvious 
iliat iu order to produce a certain number of ampere-turns, 
the current in amperes required could be made exceedingly 
small by using a large number of turns of copper wire, 
thereby reducing the electrical loss. A limit is reached, 
however, where it is not economical from a commercial 
standpoint to increase the amount of copper in order to save 
ill electrical loss. 

The per cent, loss in the field coils of dynamos varies 

from about lOjf of the input to dynamos having an output 

- ai about l.OlK) watts to as low as l.ojS to li, of the input to 

■iynamoa having an output of 100,00(1 watts and upwards. 

IPbr example, suppose that the input to a dynamo from an 

engine was lliO horsepower and the loss in the field coils 

'. .IS %.h$. Under these conditions, how many watts are lost 

r dissipated in the field coils? Changing the input from 

i 1 1 .rsftjxjwer to watts gives 100 X "41; = 74,000 watts, since 

"UC horsepower is equivalent to 740 watts. Hence, the 

T.timlicr of watts lost in the field coils is 74,000 X -026 = 

> watts. 
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of the armature conductors. The core losses previously 
described could also be classed as part of the armature 
losses, but it is usual to consider them apart. The arma- 
ture loss proper is usually termed the copper, or ^nrlre, loos* 

since it is due to the resistance of the armature conductors, 
which are composed of copper wire or bars. The internal 
resistance of an armature is an exceedingly variable quantity, 
depending upon the form, construction, sizey number of 
conductors, size of conductors, etc. In constant-potential 
dynamos, generally speaking, the internal resistance of the 
armature must necessarily be comparatively small, since it 
determines the maximum strength of current that can be 
obtained from the dynamo, as will be seen subsequently. 

The armature loss depends upon the amount of internal 
resistance and upon the strength of current flowing through 
the armature conductors. In a given armature the internal 
resistance remains constant at equal temperatures, while 
the strength of current varies with the load upon the 
dynamo at that particular moment; in other words, this 
loss only occurs when there is a current flowing through the 
armature — the stronger the current, the greater is the loss, 
and vice vrrsa. As previously shown (formula 20, Part 1), 
in all cases where an electric current flows against the resist- 
ance of a conductor, the loss of power in watts is equal to 
the resistance of the conductor in ohms, multiplied by the 
square of the current in amperes; hence, in an armature 
the number of watts lost in the armature conductors is 
equal to the square of the current in amperes flowing 
through the armature, multiplied by the internal resistance 
in ohms of the armature from the positive to the negative 
brush. If C represents the total current in amperes flowing 
through the armature and r, the internal resistance in ohms 
from the positive to the negative brush, then If''i=CV,, 
where Jl\ is the number of watts lost in the armature con- 
ductors. From this fact, this armature loss is also designated 
as the C r loss. For example, suppose that the internal 
resistance of an armature from brush to brush is .125 ohm, 
and a total current of 40 amperes is flowing through the 
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^prmaturc. Determine the number of watts lost in the arma- 
Hiire. Using formula 20, Part 1, let £7=40 amperes and 
■i = .lS5ohm; then, H;= fV,i= 40' X -125 = 200 watts. 
B The per cent. loss in armatures of constant-p<^itential 
fnrnamos varies from about 12^ of the input to dynamos 
Httving a rated capacity of about 1,000 watts to as low 
■B 1 .5^ to 2i of the input to dynamos having a rated capacity 
UaS alwmt ItKl.OOO watts and upwards. For example. sHpp<Jse 
Bbiat a dynamo was working under a load which required 
■to horsepower to run it, and, at this rating, the armature 
^Etos alone amounted to 3% of the input; determine the num- 
Hter of watts dissipated or lost in the armature conductors. 
^Changing the input from horsepower to watts gives 50 X 74G = 
^■7,:tO0 watts, since ?4(! watts are equal to one horsepower. 
^frhe armature C*r loss is, therefore, 3% of the input, or 
B7,.tl>0 X .113 = l.liy watts. 

H 71. Other l.osHC!t. — Aside from the four principal 
Bosses mentioned, other small losses occur in some machines 
^vhen the armature is revolving. If large conductors are 
Hned in the winding of the armatures, a difference of poten- 
Bnal is sometimes generated between the edges of the con- 
H|uctor in such a manner as to give rise to small eddy or 
^Bcal currents in the conductors themselves, and which do 
^■ot appear in the external circuit and are useless. In some 
WtBses these local currents dissipate considerable energy and 
Bjeat the armature badly when the machine is not loaded; 
Hnit in a well-designed dynamo they are too small to he con- 
B^ered. 

^■In an armature in which the conductors are wound in 

^K>ts cut in the core disks, the teeth between the slots have 

^Uendency to disturb the position of the lines of force where 

^Bey enter and leave the polar faces. This movement causes 

^^al or eddy currents to be generated in the pole-piece.';, 

thereby dissipating a certain amount of energy. These 

eddy currents in the pole-pieces are sometimes termed 

Po ucault currents, in memory of the man who first 

|cognized their existence. But, as in the i)revious case, a 



80 DYNAMOS AND MOTORS. §29 

well-designed dynamo will show but few traces of Foucault 
currents. Other local currents may occur in various parts 
of some dynamos on account of bad design, but it is only 
necessary here to treat specifically upon such losses as are 
common to all dynamos and impossible to eliminate. 

72. From the four previous articles, the following sum- 
mary will be a help to establish the rules of efficiency and 
losses: 

Input = the power driving the dynamo, which is derived* 
from some outside agency. 

Output = input minus the total losses. 

Total loHses = the sum of the friction, core, field, arma- 
ture, and other losses. 

^^ input minus total losses 
Per cent, efficiency = — .- X 100 

mput 

output 
or-^ — ^ — X 100. 
input 

..-,.. friction losses ^,^^ 

Per cent. i€>H» in friction = -. X 100. 

input 

core losses ^^^ 

Per cent. loss in core — ; X 100. 

input 

^ - ^it'ld losses ^,, . 

i>cr cent, loss in field — —. X 100. 

input 

armature losses ^ ^ 

I>cr cent, loss in arninture = ; — X 100. 

input 



' Tin: Ol TPl T OF CONSTANT-POTKNTIAL 

nVNAMOS. 

7Ci. If a dynamo is so constructed as to give a constant 
potential at any load, it is evident that tlie current flowing 
is inversely proportional to the resistance of the external 
eirtniit ; that is, if the external resistance is reduced, the 
amount of current will he correspondingly increased. 
There is a limit, however, to the amount of current that 
any i^'ivt'ii niaehiue can i;ive out, depending on one (or botii) 
of two factors; namely, the liciitinj; and the Hparkinju:. 
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The lieat Ihat is being winlinualiy generated in the arma- 
ture and field coils i)f a dynamo wlien working under load, due 
botli to the C r loss and the core loss, is given off from the 
surface of the armature and of the whole machine to the sur- 
rnnnditig air. This giving off of heat can only occur when 
the dynamo is hotter than the air, for if two bodies are 
equally hot. one can not give any heat to the other. Con- 
versely, the greater the difference in temperature between 
two bodies, such as a dynamo armature and the surrounding 
*air, the more heat will be given from the hot body to the 

74. When a dynamo is first started, it is at about the 
same temperaturi; as the air, so that when the conductors in 
the armature begin to generate heat, this heat can not pass off 
to the air, but instead it raises the temperature of the arma- 
ture, until it is enough hotter than the surrounding air to 
cause all the heat which is being generated to be given off. 

If the amount of heat generated is practically constant, 
as will be the case if the load remains constant, the temper- 
ature of the armature will also remain constant, because the 
heat is given off as fast as generated; and if the load is 
increased so as to increase the amount of heat generated, 
the temperature will again rise until the armature is enough 
hotter than the air to give off all of this increased amount 
of heat. 

It is evident, then, that when other conditions remain the 
same, the greater the load on a dynamo armature, that is, 
Ihc more current it gives, the hotter it will get. 

Now, at a certain temperature, the materials used in 
insulating the conductors of the armature, such as cotton, 
silk, shellac, paper, etc, will become carbmiisid, that is, 
charred, or otherwise rendered useless as insulating mate- 
rial. For a short time these materials will withstand a 
tcmi>eralurc considerably above the boiling-point of water 
(ai'J" F.), but it has liecn found that if ihey are conlinually 
subjecte<l to a temperature greater than about ISO" F., 
they will gr.idually become carbonized; hence, as armatures 
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are expected to last several years, they should never be sub- 
jected to a continual temperature greater than about 170° F. 
Consequently, the amount of current which will cause a 
dynamo armature to heat to about 170° F. is the limiting 
amount which that armature can safely give. 

75. As an armature must be a certain number of 
degrees hotter than the air in order to give off the heat 
generated, it is evident that if the air itself were originally 
of a high temperature, the armature would actually have a 
higher temperature when giving off a certain amount of 
heat than if the air were cooler; that is, for a certain 
amount of heat generated, the temperature of the arma- 
ture will rise to a certain number of degrees above the tern- 
peratiire of the air. The average temperature of the air in 
places where dynamos are installed is often as high as 90° F., 
so the allowable rise in temperature of the armature above 
that of the air is about 170 — 90 = 80° F., and dynamos are 
usually rated according to this rise in temperature. 

As still air is a very poor conductor of heat, most of the 
heat given off to it is carried away by the motion of the air; 
this motion is partly due to the air-currents set up by the 
rise of the heated air and the flowing in of the cooler air to 
take its placx\ but mainly to the air-currents set up by the 
motion of the armature itself. This latter effect is usually 
greater in ring than drum armatures, due to the more open 
construction of the former and to the fan action of the 
spider arms. 

The heat generated in the field roils is disposed of in the 
same way as tliat of tlie armature; that is, it is given off 
to the surrounding air. The rise in temperature of the 
field (oils is subject to the same limitations as the rise of 
the armature; i. e., it is usually limited to about 80° F 
above the temperature of the air. 

76- By the sparking of a dynamo is meant the sparks 
which appear at the brushes, clue to the reversal of the 
current in tlie arviaturc coils. If the commutator is out of 
true, or has one segment higher or lower than the others. 
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^Hor rrom other similar causes, there will be flashes oi* sparks 

^Ktt the brushes; but these are merely mcdtanieal faults 

^Bvrhich can be easily remedied, and this is not what is meant 

■ by sparking. Referring to Fig. 28, it will be seen that in 

the armature coil «'//', when in the position shown, the 

general direction of the current is from right to left; but as 

soon as it moves into the position occupied by coil //art', 

the general direction of the current is from left to right. 

Between these two positions the direction of the current 

have been reversed, and this occurs during the time 

that the brush -f- ^ 'S resting on both the commutator 

■egments which are connected to this coil (tt' /> p')- 

Now, it has been shown (Art. 5) that if the amount of 
irrent in a coil is suddenly increased or decreased, the 
•{f'imiucliott of the coil tends to set up an E. M. F. in the 
il which opposes the change in the strength of the current. 
!ence, when the current is reversed in the armature coil as 
passes from one side of the brush to the other, the self- 
induction of the coil tends to prevent this reversal, so that 
hen one of the commutator bars to which the coil is con- 
rcted passes out from under the brush, the current flowing 
from the side of the armature into which the coit is entering 
(the left side in Fig. 2S) in trying to pass through this coil 
is apposed by the E. M. F. of self-induction of the coil. In- 
stead of passing through the coil, then, the current jumps 
from the commutator bar through the air to the end of the 
brush, making a spark. The same action takes place at each 
I>i)int of commutation. 

In order to prevent this sparking, which burns the com- 
mutator bars and the brushes, the brushes are shifted for- 
wards ahead of the actual neutral point, until at the same 
instant that the current in a coil is reversed the coil is mov- 
ing in the edge of the magnetic field that spreads out from 
the pole-pieces, which generates in the coil an E. M. F. that 
is ppposiU ill dtreclhm to the E. M. F. of self-induction. 
The consequence of this is that the E. M. F, of self-induction 
is diminished, which decreases the sparking. If the brushes 
are shifted to just the right position, the E. M. F. generated 
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mainly on this point than with carbon brushes, since with 
these the absence of sparking depends both on generating 
an E. M. F. in the coil and on the contact resistance of the 
brush. On account of the increased resistance of contact, 
carbon brushes require less shifting for variations in load 
than do metallic brushes, and are generally used on machines 
where the variations in load are so frequent and extensive 
that a great deal of time would be spent in shifting the 
brushes, if this had to be done for every change in the load* 

79« If the brushes are shifted so far forwards that the 
£. M. F. generated in the short-circuited coil is greater 
than the £. M. F. of self-induction, not only will the latter 
be neutralized, but a current will be sent around the coil 
through the commutator bars and the brush which short- 
circuits the coil. If this current is greater than the current 
which one half of the armature is supplying to the exter- 
nal circuit, it is evident that when the short-circuited coil 
moves over and becomes a part of that half of the arma- 
ture, its current will be reduced; this reduction is opposed 
by the self-induction of the coil, as before, and sparking 
results. Since the circuit of the short-circuited coil is partly 
through the brush and its contact with the commutator 
bars, it is evident that with metallic brushes of low resist- 
ance the liability of the current in this coil becoming exces- 
sive is greater than with carbon brushes of (comparatively) 
high resistance. For the reason, therefore, that they are of 
higher resistance, carbon brushes will spark less than metal- 
lic brushes under the same conditions. 

The cause and remedy for flashing and sparking at the 
brushes, due to mechanical imperfections or accident, will 
be taken up later. 
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above that of the air by the amount decided upon as a limit 
will also necessitate the brushes being shifted to the maxi- 
mum allowable extent. 

78. It is evident that while a brush is resting on two 
commutator bars at the same time, the coil connected 
between these two bars is short-circuited^ the current from 
the two sides of the armature passing into the brush, one 
half through each of the two commutator bars, without 
passing through the short-circuited coil. The resistance 
which the current meets in passing from the bars into the 
brush is evidently the contact resistance oi the surfaces which 
are in contact. When the brush rests equally on both com- 
mutator bars, the contact resistance opposed to each half of 
the current is the same; but as one of the bars moves out 
from under the brush and the other moves farther under it, 
the contact resistance is altered, and there is more opposition 
to the passage of one half the current into the brush than 
there is to the other. Now, with vietallic brushes, which 
have a very low contact resistance if properly made, this dif- 
ference is not enough to give any appreciable opposition to 
the current until the commutator bar is actually leaving the 
brush; hence, the current '\% suddenly forced to i)ass through 
the coil which has just been short-circuited. With carbon 
brushes the contact resistance is much greater than with 
metallic brushes; when the two bars are equally under the 
brush, this contact resistance is o[)jM>sed equally to the cur- 
rent from each half of the armature, but as the one commu- 
tator bar begins to move from this jxisition, the resistance 
opposing the current which is passing from that bar into the 
brush is great enough to force a part of the current around 
through the short-circuited coil and into the brush through 
the other commutator bar, in spite of the E. M. F. of self- 
induction of the coil. 

From this it follows that with metallic brushes much more 
care must -be taken to place the short-circuited coil in a 
field which will generate an E. M. F. equal to the E. M. F. 
of self-induction, since the absence of sparking depends 
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coil can be replaced without disturbing others, which is not 
the case in the usual form of drum windings, where the coils 
overlap. 

3. The methods used to regulate the E. M. F. of closed- 
coil armatures are as follows: (1) Varying the speed; 
(2) varying the strength of the field; and (3) shifting the 
brushes. 

The first method is seldom used, though in special cases 
it is very convenient. The principle of this method is that 
with a simple series- wound dynamo, if the external resist- 
ance is increased, decreasing the current and E. M. F. 
(Art. 1), the speed may be increased until the E. M. F. rises 
to a point where it will force the normal current through 
the external circuit; if this adjustment of the speed is made 
as rapidly as the external resistance changes, the current 
will be maintained at a constant value. 

4- The second method has been described in Arts. 40 
and 41, Part 2, in connection with series-wound dynamos. 
It is evident that this same principle may be applied to con- 
stant-current machines, so as to properly vary the E. M. F. 

The ran^c of tliis method of regulation is quite limited, 
because the strength of the field can not be economically 
forced l)eyond the j)oint where the iron begins to be 
saturated (Art. Ci5, Part 2), and if it is much reduced, the 
armature reaction (wliich is constant, since the current is 
constant) will cause the neutral point to considerably alter 
its position. 

6. The third method is almost universally used in this 
type of mac hines. It has l)een pointed out (Art. 1 y, Part 2) 
that the greatest difference of potential in a (bipolar) closed- 
coil armature exists between the two opposite coils which 
are in the neutral spaces; so, to get this maximum differ- 
ence of potential between the brushes, they are placed on 
the oi)[)osite commutator sej^ments which are connected to 
these two coils. Now, if the brushes are shifted from this 
position, although the K. M. F. generated in the armature 
is not altered, the dijf'crcncc oj potential betiveeti the brushes 
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I rciiucfd : fur, although the circuit through the arnialure 
winding is siiU divided into two parts cunnected in parallel 
between the brushes, the separate E. M. F.'s of all the coils 
in t;;ich of the two parts are not all in the same direction. 
This may be mure plainly seen by exainininj,- Fig. Sft, 
Part a. 



H C If there were no armature reaction, shifting the 
■Brushes to a point half way around the commutator from 
the neutral space would reduce the difference of potential 
between them to zero, and in positions between these two, 
the difference of potential would be proportional to the 
amount of shift, Since the coils short-circuited by the 
brushes would be moving in strong magnetic fields, there 
would also be violent sparking. (Sec Art. 79, Part 2.) 

There is, however, a very considerable armature reaction 
in dynamos of this type, which is so proportioned with 
rtjsjiect to the strength of the field that it has two effects. 
One is to shift the neutral point so that the difference of 
potential between the brushes is not quite proportional to 
the amount of shift; but this is of little importance com- 
pared to the second effect, which is that the tendency of the 
current in the armature winding to form consequent poles 
at the points where the current enters or leavesthe winding 
through the leads to the commutator {Fig. 34, Part 2) actu- 
■-iv of tin- field aivay from the arim- 
only a weak field to influence 
By proper proportioning of the 
1 little or no sparking at the 
it of current in a constant- 



ally farets the thus of for 
litre at these points, leavir 
the short-circuited coil. 
armature winding, this res 
brushes, especially as the i 



current machine seldom exceeds If) amperes, which allows of 

ihc use of such a narrow brush that the time during which a 

' od is short-circuited is so short that the current in the coil 

res not have time to become large enough to cause serious 

hrking. 

The brushes may be shifted by hand to get the desired 
lulation, but as this would rei|uirc constant attention, it 
isual to sliKt the brushes automatically, hy device; on or 
J', /v.— n 
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near the dynamos. These devices are usually controlled 
about as follows: Electromagnets are connected in the 
main circuit, and are so adjusted that when any change in 
the external resistance causes the current to increase or 
decrease from normal, the corresponding movement of the 
magnet keeper mechanically connects the rocker-arm of 
the dynamo to some sort of driving mechanism, so that the 
brushes are properly shifted. When they reach such a point 
that the current is again at its normal value, the electro- 
magnet (usually called the controlling magnet) disconnects 
the rocker-arm from the driving mechanism, and the motion 
of the brushes ceases until some- change in the external 
circuit calls for a new adjustment. 

The mechanical parts of the various brush-shifting devices 
are quite different in the different makes of constant-current 
machines. In the following description of the principal 
features of some of the best known types of closed-coil, con- 
stant-current machines, the types of regulating devices used 
will be tak^n up more in detail. 



PRINCIPAI. CLOSED-COIL CONSTANT-CURRENT 

DYNAMOS. 

7. \Vood I>ynainos. — These machines have bipolar, 
consequent-pole, series-wound field-magnets of the type illus- 
trated at A, Fig. 45, Part 2, and ring- wound armatures of 
quite large diameter. 

The regulator on all except the largest size of this dynamo 
is such as is shown in Fig. 1 (a) and (b). To reduce the 
sparking to a minimum, it has been found desirable to use 
two positive brushes a, a^, located a little distance apart on 
the commutator, and two negative brushes ^, ^,, located 
opposite the positive brushes. The brushes are mounted 
on opposite ends of the rocker-arms r and r„ so that simply 
shifting these two effects the shifting of the four brushes. 
The angle between the rocker-arms r and r, of each pair of 
brushes is variable, preserving a distance between the 
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bearing ends of the brushes equal to about 3 commutator seg- 
ments at light loads (low E. M. F.), and about double this 
at heavy loads (high E. M. F.). This variation in distance 
is accomplished by shifting the back brushes^, and b^ of each 
pair a little faster than the front brushes a and b are shifted, 
so that the back brush gradually overtakes the front one, 
lessening the distance between them, in shifting from the 
heavy-load to the light-load position. 

The electromagnet e is connected in series with the arma- 
ture, field, and external circuit, and furnishes the power for 
regulating the current. The cores r, c of this electromag- 
net are free to move into or out of the coils, the attraction 
of the magnet being balanced by a tension spring provided 
with an adjustment at d. The lever arm ;;/ is raised by 
the electromagnet when the current increases, and is low- 
ered when the current weakens. A small gear ^ on the end 
of the shaft continuously drives two friction-rollers /*,, f^ in 
opposite directions by means of the gears ^,, g^. The move- 
ment of the lever arm ;// presses the friction-wheel /", by 
means of the intermediate links ;/, ^, against one or other of 
the friction-roUiTs, thereby turning the friction-wheel in a 
forward or backward direction. This motion is then coni- 
municated by means of gearing to the rocker-arms, pro- 
ducing the relative movement already referred to. The two 
l)()sitive and the two negative l)rushes are connected by 
short, flexible cables, so that the intervening coils on the 
armature are short-circuited. As the distance between tlie 
brushes increases, a further nund)er of coils will be short- 
circuited; as these coils lie, however, in the neutral space, 
the elTect of cutting them out is to neutralize their demag- 
netizing a( tion, thereby incTeasing the E. M. F. of the dy- 
namo. \\\ order to fatMlitate adjustment, the brushes are set 
to a certain length, the amount of their projection from the 
holders being determined by means of a gauge. The regu- 
lator is fastened to one of the yokes y of the field. In the 
larger sizes of these machines, the friction-rollers are driven 
by a light belt from a small pulK'y on the end of the arma- 
ture; shaft, but otherwise operate in the same manner as 
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Bat described. These regulators are simple and reliable in 



8. Standard Dynamns.— These machines have hiiio- 

, consequenl-pole, series-wound field-magnets of the tyi>e 

llustratvd at //, Fig. 45, Part 2. The armature is of the 

: tyiw, and differs fmrn that of the Wood machine only 

1 the details of its const met ton. A single pair of brnshes 

I used, which is shifted to vary the E. M. F. and to keep 

current constant by a mechanism situated on the base of 

machine. This mechanism isdriven by a light Itelt from 

Ismail pulley fastened to the end of the armature shaft. 

In these machines, the field-magnets themselves act as a 

>ntnilling magnet, a short bar of soft imu pivoted in the 

liter being placed between the lips of the pole-pieces on 

e side to act as a keeper. The tendency of this keeper is 

) move around until it is in a straight line between the two 

Kile tips, but it is held at an angle to this position by the 

Nill of a spring. Attached to this keei>er is a lever, which 

I also attached to two faii'ls, or pointed strips of iron, 

Unged at one end and pointing in opgmsite directions. 

z two pawls arc kept at a ccrlain distance apart, but 

; attachment to the keeper is so arranged that when the 

seper moves away from its normal position against the pull 

s spring, the pawls move so that the points of both are 

bwcred, and when the spring pulls the keeper away from its 

irma! [losition, the points nf both the pawls are raised. 
! These pawls are given a continuous back-and- forth movc- 
tcnt by an eccentric driven by the belt from the pulley on 
I armature shaft, and between them there is a fiat bar, 
etched or toothed on the e<lges, which is attached to the 
)cker-arm of the machine. 

le method of regulation is. then, as follows: If the resist- 

of the external circuit decreases, the corresponding 

icrcasc in the current strengthens the field-magnets, which 

luscs the keeper to move away from its normal position 

ainst the pull of the spring. This lowers both the pawls, 

lod the top pawl, which [wints towarffs the commutator. 
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catches in the teeth on the top edge of the flat bar which is 
attached to the rocker-arm, and as the pawl moves back and 
forth, the rod is pushed ahead (towards the commutator), 
thus shifting the brushes away from the neutral point. 
When the reduction in the difference of potential is sufficient 
to reduce the current to its normal value, the keeper returns 
to its normal position, lifting both pawls, so that neither 
catches on the teeth of the flat bar, which therefore becomes 
stationary. If the current is reduced below its normal value 
by an increase in the external resistance, the keeper is pulled 
away from its normal position by the spring, and the pawls are 
lifted still farther, until the lower pawl catches on the teeth 
on the under side of the flat bar. As this pawl points away 
from the commutator, its motion causes it^to push the rod 
in the same direction, rocking the brushes towards the neu- 
tral point and increasing the difference of potential between 
them until the current is again at its normal strength. 

9. Western Electric Dynamos. — In the smaller 
sizes these machines have bipolar, consequent-pole, series- 
wound field-magnets of the type illustrated at /, Fig. 45, 
Part 2, with drum- wound armatures; in the larger sizes the 
field-magnets are multipolar, with salient poles, and ring- 
wound armatures are used. 

The machines are regulated to give a constant current by 
shifting the brushes, as in those previously described ; the 
mechanism for shifting the brushes is driven by a belt from 
the end of the armature shaft, and controlled by a separate 
controlling magnet, as in the Wood dynamo. The control- 
ling magnet throws into or out of gear or reverses a fric- 
tion-clutch arrangement, which shifts the brushes forwards 
or backwards as the load is increased or diminished. 

10. Kxcelnlor Dynamos. — These machines have 
bipolar, salient-pole, series- wound field-magnets, -and use 
ring armatures. The type of field-magnet used is similar to 
what the type illustrated at Z>, Fig. 45, Part 2, would 
become if the field cores, yoke, and spools on one side of the 
magnet were removed, leaving the pK>le-pieces covering 
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Bbrcc faces t>f the armature. An iron arm projects from 
KBch pule -piece, forming the pcle-pieces forasmatlarmatiirc, 
^vhich is operated as a motor tti «hift the brushes of the 
^Biachine. This small armature is geared to the roi-ker-arm, 
^bnd the c<)ntn)lling magnet is so arranged that if the cur- 
Bvnt in the machine rises above the normal, a portion of the 
Kurrent ts shunted through the armature of this small motor, 
Brblch causes it to turn in such a direction that ihc brushes 
Hire moved away from the neutral point, thus reducing the 
Bburrent. 

H At the same time, the motion of the rocker-arm operates 
^K switch which cuts out some of the turns of the magneti- 
^ung coils, thus reducing the E. M. P. of the armature. It 
^pill lie seen that this method of regulating the difference of 
^botential between the brushes is a combination of the methods 
^Bescribed in Arts. 4 and 5. 

H If the current is decreased below the normal strength, the 

Hpntmlling magnet reverses the current in the armature of 

^pic small motor, so that it runs in the opposite direction and 

shifts the brushes towards the neutral point, at the same 

time cutting in some of the turns of the magnetizing coils, 

all of which brings the current back to its normal strength. 



1 1 . Ball Dynamos. — These machines are of a very 

tiliar construction. The magnetic circuit is represented 

Fig. 2, from which it 

irill be seen that two arma- 

;s are employed, each 

1 an independent com- 

toillator. The field-mag- 

ict is arranged with only 

pole-piece for each 

mature, as represented; f:o, a. 

t as ihe lines of force must complete their circuit, they 

irregular poles on the opposite side of the armature, 

ftaihs of the lines of force being represented by the 

rttcd lines in the figure. The armatures arc ring wound. 

Old may each be used separately or connected in series. 
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In the larger machines of this type, the regulation is 
obtained by automatically shifting the brushes, the field- 
magnets of the machine itself acting as the controlling mag- 
net, and also furnishing the necessary power. A circular 
opening is made in the magnetic yoke (on each end of the 
machine) of such size that the area of the magnetic circuit 
at that point is much reduced, which causes a leakage of the 
lines of force across the opening. Two iron segments are 
supported on a non-magnetic hub in this opening. Now, if 
these iron pieces were free to move, they would take up such 
a position in the opening as to make up as much as possible 
for the reduction in the area of the magnetic circuit, and 
allow the lines of force to pass directly through them. They 
are free to rotate about the hub to which they are attached, 
which revolves on ball bearings, but are prevented from 
taking up their natural position by a counterweight, which 
deflects them more or less, according to the strength of the 
field of the machine. 

The brush-holder studs are connected directly to this 
movable part of the magnetic yoke, so that when the 
strength of the field increases, due to an increase in the 
current above the normal strength, this movable part is 
pulled around against the opposition of its counterweight 
until the bnislics arc shifted to the point where the current 
again becomes of normal strength. 



<)Pi:\-COII. ARMATURES. 

1 2. Open-coil windings consist of a comparatively small 
number of coils, which are connected directly to the exter- 
nal circuit (through the commutator) when in the position 
where the E. M. F. generated in them is a maximum. (See 
Art. 20, Part 2.) 

As the coils move away from this position, they are con- 
nected in parallel with other coils, and are finally, when near 
the position where their E. M. F. is zero, disconnected 
entirely frcMU the external circuit. These various connections 



DYNAMOS AND MOTORS. 



n 



made by llu- brui^hes and ihe comniiit;ilnr. by means 

:h will be explained in speaking of the principal makes 

I machines of this type. The changes in the connections 

Mils and the small number of coils used make the 

'erencc nf potential between the brushes (liirHiate, so that 

e current in ihe external circuit Kpulsatuig in character. 

% speaking of it as a constant current, it is meant that the 

^rrage current strength is constant. 



|2>RINCIPAL OPEN-C4HI. i;ONSTANT-CrHHBNT 

nVISAMOS. 

' 13. Brush llynant<>». — These machines use a disk- 
shaped ring-wound armature with projections on both sides 
of the ring, between which the coils arc wound. 

The magnetic circuit has four poles, but is really a conse- 
quent-pole, bipolar field- 
magnet, as will he seen 
from Fig. 3, which rcpre- 
tits the field-magnet as 
I from the top. This . 

of field -magnet is 
L that shown at /', 
. 45. Part 2. would be- 
: if that part of each 
- piece which covers i-ir^ ;i 

! cylindrical face of the ring were removed, 
'he armature winding of these machines consists really 
I number of windings, each with a separate commutator, 
ich winding consists of four coils, arranged in two sets of 
I coils each. The two coils of each set are placed on 
wile sides of the armature core, so that one coil is always 
E same position relative to one pole-piece that the other 
I to the other pole-piece; this being the case, the 
VI. F.'s generated in the coils arc equal at all parts of 
leir revolution, and they arc permanently connected in 
ries, so that they really act a.i one ci«l. The other set of 
>ils belonging lo the win<ling is placed on the core in the 
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same manner, but at right angles to the first set, so that 
when the coils of one set are under the center of the pole- 
pieces, that is, are in their most active position, the coils of 
the other set are in the neutral spaces, that is, in their least 
active position. 



14. It will be seen that this arrangement of the two 
sets of coils corresponds to the arrangement of the two loops 
of wire described in Art. 16, Part 3, and illustrated in 
Pig. 19, Part 3; the ends of each of the two sets of coils are 
connected to two opposite segments of a commutator just 
as there described, except that instead of each segment 
being a little less than ^ of the circumference, so that the 
brushes leave one pair of segments at the same time that 
they begin to bear on the other pair, in the Brush com- 
mutator each segment covers a little more than ^ the cir- 
cumference, the segments of one pair being placed alongside 
the segments of the other pair, to allow for this extra length. 
This is represented in Fig. 1, a and a' being the two 
segments connected to one set of 
coils, and A and ^ being the two 
that are connected to the other 
It will be seen from this 
figure that each of the brushes 
i ^\ (/ and J?) rests on one of the two 
I opposite segments 6 and 6' ; but 
as the commutator revolves, each 
brush rests on one segment of 
eac/t pair, a' and 6' and a ami 
d, where they overlap. Conse- 
quently, the coils connected to 
each pair of segments are con- 
f'o- *■ nected in parallel with each other 

during a part of each half revolution. 

If this form of commutator with overlapping segments be 
applied to Fig. 19, Parts, it will be seen that at the moment 
when the two loops of wire are thrown in parallel by each 
brush resting on two segments, the E. M. F. in the two 
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s is not the same, that of the loop which had just before 
[oiic been rnnnected to the brushes being higher than that 
jthc other, A little later, at the moment when one of the 
lOps is disconnected from the circuit by each brnsh passing 
1 two segments In a single segment, the coil which is 
seonnccled has a less E. M. F. than the other, 
f the jt.iops had little self-induction, this would result in 
jjrcaler E. M. F, of the one loop sending a current 
und through the other loop against the E. M. F. gener- 
Led in it, which current would not appear in the exter- 
nal circuit, and would therefore represent so much wasted 
energy. 

This lucal current would evidently he greatest when the 
fferencc between the E. M. F.'sof the two coils is greatest, 
;. at the moment when the two loops are connected in 
krallel, and at the moment one of the loops is disconnected 
1 the brushes. Then, when the one loop is disconnected 
1 the other, this local current would be suddenly broken, 
pd this would result in sparking. 

I In the Brush machines, the self-induction of the coils is 

isiderable, so that when two sets of coils are connected in 

Lrallel, the self-induction of the coil having the lower 

. M. F. prevents this sudden rush of local current, and 

Jtcs up its share of the output of the machine gradually. 

I At the same time, the parallel connection of the sets of 

coils is not broken until the E. M. F. of the set which is 

disconnected is enough hiwer than that of the other set so 

that it is furnishing practically none of the current output; 

knee, there is little sparking when it is disconnected. 



|[]S. As stated, the Brush armature winding is made 
of two or more separate windings, the action of each 
King as already described. 

tFig. 5 represents a Brush armature with two separate 

lings. In this figure, the pole-pieces are represented by 

; heavy dotted lines as they face the sides "f the arma- 

X, as shown in Fig. 3. The segments of the two separate 

nmutators arc. for convenience, represented a 
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with the brushes restin); on their edges; whereas, actually, 
they lie side by side, forming two separate commutators of 
the same diameter, each having four segments, and the 
brushes rest on their circumferences. 




One winding consists of nvo pairs of coils A A' and S Jl", 
located at riglit angles to each other, the coils of each pair 
beinfj connected in series, as represented. 

This winding is connected to its commutator, coil A to 
scgmirnt rt, coil A' to segment n', coll B to segment d, and 
ci)il Ji' to segment i', as represented. Brushes 1 and 2 rest 
on this commutator, making contact on the line of maxi- 
mum action x j' of tlic coils. It will be seen that this line 
is not from center to center of the pole-pieces, but is moved 
ahead (in the direction of rotation, as indicated by the 
arrows) from this position by the armature reaction. 

The second winding consists of two pairs of coils CC 
and /?/)', Incatcd at right angles to each other and half 
way between the coils of the first winding. These coils are 
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niiecicd ill scries and lo the segments of the second com- 
miitiitor, toil C to segment r, coil C to segment c\ coil D lo 
segment (/, and toil D' to segment d ', as represented. 
Brushes 3 and ^ rest upon the segments of this commutator 
uii the sutxic line of maximum action of the coils. 

Taking each winding separately, it will be seen that its 
two sets of coils pass through the following combinations: 
One set of coils only connected lo the brushes; then the two 
sets, connected in parallel, both tonnccted lo the brushes; 
then one set only; then both sets in parallel; and so on. 

Tile maximum E. M. F. occurs when the single sel of cujls 
is tonnccted and is directly in the line of maximum action ; 
the minimum occurs j of a revolution ahead of this point, 
when both sets of coils arc in parallel and are equally dis- 
l.'inl from the line of majtimum action. (See Fig. 20, Pari 2, 
and compare the accompanying text with the above.) 

This being the case, it is evident that as the coils of one 
winding are half way between the coils of the oihcr. t/ie 
1'iitxiinnm E. M. P. of one poinding occurs at t/icsiii/ic iiislaitl 
lis tides the Hiinimiiin E. M. !•'. of the other. On account of 
this, when the two windings are connected in series, the 
Hmtualions of the current are much reduced. 

This connection of the two windings is obtained by con- 
necting ihe positive brush {2. Fig. 5) of one winding with 
the negative (5, Fig. h) of the other, the external circuit 
being connected between the two remaining brushes {/ and 
-J. Fig. 5). 

In the large sizes of these machines, three and even four 
separate windings are used, each with its commutator, and 
all connected in series. In the larger multipolar machines, 
each winding consists of two sets of coils, each set contain- 
[ four coils, one for each pijle-piece. The action is pre- 

iely the same as in the bipolar machine. 



Ll6> The regulation of the Brush machines is nearly 

lltomalic; thai is, a machine will give nearly a constant 

^rcnt with<iul any rcgulalion whalcvcr. This is due to 

6 fact that the armature reaction ini-reases so much with 
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any increase in the current that the line of maximum action 
is shifted farther ahead, which changes the relations of the 
various coils at the time when they are connected with, or 
disconnected from, each other or the external circuit. 

This regulation is, however, not close enough for com- 
mercial working; so in addition, a resistance is placed in 
shunt to the magnetizing coils, which is varied by a con- 
trolling magnet in the main circuit, thus making the regula- 
tion very exact. (See Art. 41, Part 2, and Fig. 43, Part 2.) 

This resistance consists of a series of blocks of carbon — a 
material which has the property of lessening its resistance 
if subjected to pressure. In this case the pressure is obtained 
by the pull of the controlling magnet on its keeper, which 
forms the end of a lever that presses upon the carbon blocks. 
If the current in the external circuit increases, due to a 
lessening of the external resistance, the controlling magnet 
pulls on its keeper with greater force, thus increasing the 
pressure on the carbons, decreasing their resistance, and 
weakening the strength of the field-magnets, which reduces 
the E. M. F. of the armature coils until the current is again 
at its normal strength. 

The shifting of the point of maximum action, due to the 
weakening of the field at light loads, causes a certain amount 
of sparking, which is remedied by slightly shifting the 
brushes. In the multipolar machines, this shifting is per- 
formed automatically by mechanism driven by a belt from a 
small pulley on the end of the armature shaft, and controlled 
by the controlling magnet, as in the closed-coil dynamos 
described. 

17. Westlngtiouse Dynamos. — These machines, 
which are comparatively new, use a multipolar field-magnet 
with six salient poles, of the type illustrated at C, Fig. 49, 
Part 2. The armature coils are wound around eight project- 
ing teeth on the armature core, there being, therefore, eight 
armature coils. With eight coils and six poles, it is evident 
that only two coils can be directly under any two pole-pieces 
at the same instant. This armature winding, as in the Brush 
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ftchinc, is divided into two separate windings, each ci>n- 

■tting of two pairs of opposite coils, and eai:h connected to 

■separate commutator. The combination of connections 

E the various sets of coils is similar t» that of the Brush 

ichinc; that is, the set of coils in the position of least 

lotion is disconnected entirely from the circuit, those near 

lie position of maximum action are connected in parallel, 

anil in scries {by external connection of the brushes) with 

that set which is actually in the position of maximum action. 

r In this machine, a coil is in the position of least action 

ten the projection on which it is wound is directly under a 

nle-piece, for when in this position a!l the lines of force 

ibm the pole-piece pass directly through the "center of the 

pll, which therefore cuts none of the lines of force. As 

K>n as the coil moves from this position, one side begins to 

t the lines of force of the pole-piece it is moving away 

; as it moves still farther, the t>t//cr side of the coil 

gins to cut the lines of force of the pole-piece tou-arih 

Jiich it is moving, so that when half way between the two, 

)th sides of the coil are cutting lines of force equally and 

I the maximum rate, and this is, therefore, the position of 

Utaximum action. 



18. A diagram showing the connections of the armature 
winding to the commutator of the Westinghouse machine is 
niven in Fig. 0. As in Fig. 5, the two commutators are 
represented as concentric, though they are actually side by 
side on the shaft, and, as in the Brush machine, are situated 
on the end of the shaft outside one of the bearings, the leads 
to the commutator being brought out through a hole in the 
shaft, instead of being connected directly, as represented in 
the diagram. 

The two pairs of coils A and A' and B and B' make up 
one winding, and are connected to one commutator, as rep- 
resented. The two opposite coils A and A' and B and B' 
are connected in series by connections across the bark of 
'he armature core (not shown in thr diagram). 

TIic other winding is made up of the iwo pairs of coils 
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C and C and D and U, the coils of each pair being con> 
nected in series, as before. 

It will be seea that each commutator is made up of twelve 
segments separated by a considerable width of inaulaUng 
material (indicated by the solid-black parts). These twelve 
segments are connected together by cross-connecting wires 
in three sets (one for each pair of poles), of four segments 
each (one for each coil of the windings). 

Instead of the segments overlapping as they do in the 
Brush machine, each brush is divided into two parts, which 
rest on the commutator at a distance apart equal to the 
length of one segment, as represented at / J' or * S* 

Applying the statement made in Art. 17 to Fig. 6, it 
will be seen that coils A and A' are in the position of least 




action, and arc disconnected from the external circuit. The 
other set of coils of iliis winding, />' and lY , is, however, in 
tlie position of inaxlniiim .lotinn, and is connected to the 
t through brushes / and 1' and iS and ;!f', which rest on 
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graents b and /'', respectively. Of Ihe second winding, 
Ich set of coils Cand C and D and D' is equally distant 
|pm the position of maximum action, and these two sets 
B therefore connected in parallel with each other through 
pushes ^ and ^', which rest on segments c and d. and brushes 
I and S', which rest on segments c' and d', and are connected 
I series with the set of coils B and B' by the external 
pnnection between the two sets of brushes 2 and 2' and 
I and 3', 

\ To follow out the changes in the connections of the coils, 
msidcr thai the armature is moving in the direction 
dicated by the arrow. 

As coils B and />" move away from their position of maxi- 
mum action, brushes 1' and 3' are disconnected from seg- 
ments b and b', and as the armature moves, finally come 
into contact with segments a and a', thus throwing the two 
sets of coils A and A' and B and /" in parallel. At the 
same time, brushes ^ and 3 being disconnected by the insu- 
lating segment from segments c and f', coils J) and D' only 
of the second winding are connected to the circuit through 
brush ^" and in series with the coils of the other winding 
^-(now connected in parallel) through brush S' and its con- 
Hhection with brushes 2 and 2\ coils C and C being entirely 
^Biscon nee te d . 

^K It will be seen that these successive combinations of coils 

are precisely the same as take place in the Brush machine, 

except that each combination takes place six times in each 

revolution, instead of twice, which is due to the multipolar 

field. The regulation of this machine is entirely automalic. 

The field-magnets are separately excited, the current being 

^-furnished by a separate constant-potential dynamo, which 

Hgrives a constant magnetizing force; but the strength and 

Hppetribulion of the resulting field are dependent on the arma- 

Holure reaction, which is so proportioned that any excess of 

Current over the normal so reduces and distorts the field that 

the E. M. F. grncrated in a winding during the time that 

s connected to the brushes is reduced until the current is 

ain ut its normal strength. 

tv.-u 
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1 9. Tlioniaan-HauBtaii Dynamo*. — These machines 
have bipolar, series-wound, salient-pole field-magnets, of the 
type illustrated at K, Fig. 45, Part 2. The completed arma- 
ture is very nearly spherical in shape, and the pole-pieces 
are bored out accordingly, so that they almost entirely 
enclose the armature. 

In the older machines, the armature is drum-wound, 
although the core is a ring, but in the newer machines, a 
ring winding is used ; in either case, three separate coils, or 
sets of coils, make up the winding. One end of each of 
these coils (or sets of coils) is connected to a commutator 
segment, all the other ends being joined together. 

The commutator has three segments, each covering nearly 
} of the circumference, the balance being made up by the 
air-spaces which separate the segments. 

Two positive and two negative brushes are used, those of 
each pair resting on the commutator at two points at a dis- 
tance apart equal to one-half a commutator segment, that 
is, nearly \ the circumference, when the machine is giving 
its greatest E. M. F. 

20. A diagram of the connections, etc., of the drum- 
wound armature is shown in Fig. 7, A A', B B', and CC 




are the ihn-e ciil; 



uml on tlie core J of the cireumference 
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Jnc cm! of cauli of llic coils is joined to a niclal 
ring (not represented in the figure) on the back of the arma- 
liirc, which forms a common connection for the three. The 
wr emlsare joined to the commutator segments, that of 
segment a, that of Ji D' to segment A, and that of 
' to segment c, as represented; 1 and 2 are the ncga- 
r, and S and 4 the positive, brushes, Brushes 2 and .4 are 
ally called the primary brushes and 1 and S the secondary 
^shes, to distinguish them. 
"I^rom the diagram (Fig- 7) it will be seen that coil A A', 
though half way between the pole-pieces, is partly active, 
since the neutral line is shifted forwards by armature reac- 
tion, as indicated by the line x y. This coil A A' is con- 
nected in parallel with coil /J W by the two positive brushes, 
and the two are in series with coil C C. If the armature 
be considered as moving in the direction indicated by the 
arrow, it will be seen that us coil A A' gets to the position 
of least action, it is disconnected from the circuit by seg 
ment a passing out from under brush S, leaving coil B B' 
and coil C C in series. However, as the distance between 
brush S and brush ^ is only slightly greater than the span of 
one segment, coil A A' is almost immediately connected in 
parallel with coil CC, as segment a passes under brush £, 
making the following combination : Coil B B' in series with 
5 A .J'and CC in parallel. 

i the rotation of the armature continues, coil C C is 

ionnccted from the negative brush 1 and connected to 

Bpositive brush J,, being thus thrown in parallel with coil 

T^, the two being then in series with coil A A '. 

EPmpleting the half revolution, coil B B' is disconnected 

1 the positive brush S, and is joined in parallel with coil 

' by the two negative brushes 1 and 3, leaving coil 

7 connected to the positive brushes. 

tinher rotation of the armature repeats this series of 

connections; th^t is, during every half revolution, one of 

the coils {A A' in the preceding paragraphs) is first in par- 

wilh the coil AcAiWit, then momentarily disconnected 

I the circuit, then connected in parallel with the coil 
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ahead oi it, then connected in series with the other two, 
which are then in parallel. 

From the diagram (Fig. 7) it will be seen that when a coil 
is disconnected from one set of brushes, it is very nearly in 
the position of least action, and the coil with which it was 
just before connected in parallel has the higher E. M. F. of 
the two. As explained in Art. 14^ the self-induction of 
the coil prevents the higher E. M. F. of the other sending 
a current through it in opposition to its own E. M. F. at 
the time when they are connected in parallel ; in fact, when 
the coil is disconnected from its mate, it is still supplying 
some of the current, so that there is a spark at the brushes. 

21. The regulation of this machine is effected by vary- 
ing the distance between the two brushes of each set, the 
primary brush being moved back and the secondary ahead. 
This movement of the brushes decreases the distance 
between the primary brush of one set and the secondary of 
the other. Now, as when in the position shown in the figure 
(Fig. 7), this distance is only slightly greater than the span 
of one commutator segment, it is evident that lessening this 
distance will allow of one segment being under both one of 
the positive and one of the negative brushes during a part 
of a revolution, which short-circuits the armature, reducing 
the difference of potential between the brushes (momen- 
tarily) to zero. 

As the field-magnets are in series with the armature, their 
great self-induction prevents the strength of the current 
from falling to zero, its fluctuations being comparatively 
small. At the same time, the self-induction of the armature 
coils prevents any excessive flow of current from one to the 
other through this short circuit; for, there being two places 
where the short circuit occurs, i. e., between brushes 1 and 4 
and 2 and J, and there being three commutator segments, 
it is evident that six short circuits occur during every revo- 
lution, and if the armature is revolving at 850 revolutions 
per minute, there are X 850 = 5,100 short circuits every 
minute, so that each lasts only an extremely short time. 
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, As the distance between the brushes of a set is increased. 
p;irh short tirciiit is kept up for a slightly longer time. It 
will be seen that this momentary reduction of the difference 
• if {Mitential between the brushes to zero reduces its effect 
in sending a current through the circuit, although its maxi- 
iniim value is nut much reduced; so that by shifting the 
brushes at the proper time, the current in the external cir- 
cuit can be kept at a constant strength, in spite of variations 
in ihecittcrnal resistance. 

This shifting of ihc brushes is done automatically by the 

lltowing apparatus: The primary and secondarj- brushes 

G mounted on separate rocker-arms, which are connected 

gether by a system of levers, so that when the primary 

rushes are shifted back, the secondary are moved ahead. 

pe amount of movement of the secondary brushes is very 

He, being for the purpose of following the line of maxi- 

Rim action, which moves ahead slightly at light loads (low 

, M. F,). A large magnet attached lo the frame of the 

Ifichine has attached to its keeper a lever, which is con- 

icted to the rocker-arm that carries the primary brushes. 

\ that when the keeper of the magnet is pulled up. the 

rimary brushes arc shifted back and the secondary ahead. 

thus reducing the effective difference of potential between 

the brushes, as explained. The current for operating this 

regulating magnet is supplie<] by the main current, but it is 

not continually in circuit, being cut in or out, as occasion 

requires, by a controlling magnet, which is placed on the 

wall of the room at some convenient place. 

22. Pig. 8 is a diagram of the connections used in this 
apparatus. Ji represents the regulating magnet and A' its 
kee|»er, which is connected lo the nicker-arms by a lever 
(not shown), as described. C, C represent the coils of the 
controlling magnet, which arc stationary, and D, D rep- 
resent the cores of this magnet, which are movable. 
Their weight is partly counterbalanced by the spring s, 
the tension of which is adjusted by means <>f the nuts at X. 
Attached to these cores is a contact point, which touches a 



24 



DYNAMOS AND MOTORS. 



S30 



stationary contact piece at B. The connections being as 
represented, -f- being the positive terminal of the dynamo, it 
is evident that when the two contact points at B are touch- 
ing, the regulating magnet R is short-circuited, the current 
flowing from + to/", thence to /^', thence through the con- 
tact points at B to P^ thence through coils C, C to /**, and out 
to the line. Now, if this current exceeds a certain strength, 
the pull of the coils C, Con the cores Z>, D becomes sufficient 
to raise them, breaking the contact at /i. This forces the 
current around from P^ through the regulating magnet R 
to P, thence to P\ where it passes out to the line as before. 
The regulating magnet then attracts and pulls up its 
keeper K, which in moving shifts the brushes and reduces 
the current as described. 

When the current is reduced to its normal value, the cores 
of the controlling magnet descend, and contact is made at />, 

^fo Lint' which short-circuits the 

regulating magnet, and 
allows its keeper to 
drop. This shifts the 
brushes again so as to 
increase the current. 
This action is kept up, 
so that the cores of the 
controlling magnet and 
the brushes of the 
machine are continually 
in slight motion. In 
order to prevent the sclf- 
iiidnclioii of ilu' r(';^iilatinj4 magnet causing a serious spark 
at />* when the eonlaca is broken, a shunt of high resistance 
is permanently eonnec^ted around the break at />, as rep- 
resented at r. This self-indiietion is produced in the reg- 
ulatinj^ nias^net A' whenever the circuit is opened at />, for 
this suddenly diverts tlie main current through the regii- 
lalin<;' maunel, whose mom<'ntary self-induction opposes the 
current, foreini;" it alonj;" by way of y^^, /^^, and the resist- 
ance /' to the line. If the resistance were not there, the 
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current would cross the air-gap ai B, making a destructive 
rk. 
The space between the ends of the commutator segments 
"ng small, some device is necessary to prevent the spark 
which occurs when a segment passes from under one of the 
secondary brushes from continuing to pass from segment to 
segment, for that would permanently short-circuit the 
machine. This device consists of a small rotary blower, 
which is situated between the commutator and the bearing. 
This blower is so arranged as to deliver a puff of air right 
at the end of the secondary brushes at the moment that the 
spnrk occurs, so that it is immediately broken and does no 
damage. 

The adjustment of the commutator, brushes, air-blast, 
^., of this machine requires considerable attention in 
that the machine should run well. The manufactur- 
ers supply printed matter with each machine, giving full 
particulars of these operations, hence they need not betaken 
ip here. 
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I THE OUTPUT OF CONSTAST-CURHENT 
DYNAMOS. 
23. From the nature of the output, the heat losses in 
nst ant-current dynamos are practically constant at all 
loadfi. In some of the open-coil machines, the local currents 
which circulate in the coils may be of greater strength than 
the current in the external circuit, at light loads, so that 
the heating of the armature may be even greater at light 
loads than at full load. It is evident, however, that the 
heating is not the factor which limits the load, nor is 
the sparking, since the machine must be so designed that 
t he sparking is the same at all loads. The factor of the load 
which varies is the K. M. F., so that when this has reached 
its highest value, any further increase in the external resist- 
ance can only reduce the current, since the E. M. F can 
no t increase farther. The maximum E. M. F, which the 
pchinc can give is then the limit of its output 
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Constant-current machines may be rated according to their 
output, expressed in kilowatts (1 kilowatt being one thousand 
watts), as are constant-potential machines; but as they are 
almost invariably used for operating arc lamps ^ they are 
usually rated according to the maximum number of lamps 
for which they can supply current. The strength of the 
current most used is from 0.5 to 10 amperes, O.G being the 
standard adopted by many manufacturers. With this cur- 
rent, each arc lamp requires from 45 to 50 volts. All lamps 
being connected in series, this makes the maximum E. M. F. 
of, for example, an 80-light dynamo 80 X 50 = 4,000 volts. 
Machines are built of 150 lights capacity, but the sizes 
most generally used have a capacity of from 50 to 80 lights. 

Almost all the regulating devices used are practically 
independent of the speed, so that they will maintain the 
current constant when the speed varies somewhat, if the 
variations are not too sudden. Any reduction in the speed, 
however, reduces the maximum E. M. F. and output which 
can be obtained, and, conversely, an increase in the speed 
will increase the possible output. 
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24. The definition of an alternating current is given in 
Art. 13, Part :2. In speaking of alternating currents, eaeh 
reversal of tlu! eurrent, that is, eaeh increase of the current 
from zero to its niaxininni, and the decrease to zero again, 
is ealled an alter n^it ion. In the ease of a simple loop of 
wire rotating in a niaj^neti(^ Held, the current in the loop 
goes through on(; altcrmitioii in each half revolution; in a 
complete revolution, it passes through two alternations — one 
in one direction and r)ne in the contrary. 

If the rotation is (N)ntinue(l, this process is repeated for 
every revohitioii, so that an alternating eurrent is made n[) 
of a numi)er of re[)etitions of a pair of opposite alternations. 
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s pair of alternations is called a cycle. The niiniber of 
es which occurs in a givtii time (usually onw sucond) is 
;d the frequency, so that if the simple loop referred to 
vs is rotated at the rate of liil revolutions per second, the 
^uency of the alternating current generated would he 
i to I»e (iO, that is, OO cycles per second. 
1 treating of alternating currents, the graphical method 
representing the value of the E. M. K., or current, 
Icplained in Arts. 1 2 and 1 J{, Part 3, is much used. It is 
ply necessary to represent one cycle, since under similar 
ditions they arc all' alike, and for convenience, the length 
{f one cycle is taken to represent 300", whatever may be the 
logth of time required to comjilele it. • Different parts nf 
: may then be said to be so many degrees apart; 
S»r example, if the base line ^I /i in Fig. 14, Part 3. is taken 
t 3eo°, each division will then represent 30°, since there arc 
Welvc divisions, and any two succeeding zero-points, as 
t and Cor Cand £, will be ISO" apart, or a zero-point and 
fc maximum point, as A and /I. are Hi)" apart. 

Further, any point on the curve may be said to be so many 
degrees ahead or behind some other point. For example, 
in this same figure, point C is 180° behinil point A, because 
loint ^represents a later period of time than does point A, 
jid is 180" akciui of point E, because it represents an earlier 
wriod of time. 



ALTERNATORS. 

The current in the separate conductors of a direri- 
1 armature is naturally alternating; for when the 
mtluclors pass over from one pole-piece to another, the 
trection of the current in them is reversed, It is often 
icessary to use alternating currents in the external cir- 
, and when this is the case, there is substituted for the 
»mmutator which is used for the purpose of changing the 
Ucrnattng current of the armature conduclors to a direct 
UrrenL for the external circuit, a pair of coIlecHir rings, 
■bich make continuous contact lielweeti the ends of the 
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armature winding and the brushes connected to the external 
circuit. (See Fig. 38, Part 2.) 

The principle of the winding of alternating-current dyna- 
mos (commonly called alternators) is^ the same as that of 
direct-current machines, and either a ring or a drum wind- 
ing may be used; but in order to get the best results, it is 
necessary to use a different method of connecting and loca- 
ting the coils of the winding. 

If a single coil of wire is wound on a ring core, and the 
core is rotated in a magnetic field, it is evident that if the 
coil occupies a space on the core greater than the width of 

the neutral space (see 
Art. 21, Part 2), there 
will be two points in each 
revolution where a part of 
the coil is under each pole- 
piece, as represented in 
Pig. 9. Under these cir- 
cumstances, the E. M. F. 
generated in that part of 
the coil under one pole- 
piece is opposite in direc- 
tion to that generated in the part under the other pole, as 
represented by the arrow-heads, so that they neutralize, or 
partly neutralize, each other, until the coil has moved 
entirely out from under one pole-piece. 

In order to prevent this opposition of the E. M. F.'s gen- 
erated, it is necessary to make the coil no wider than the 
neutral space. Now, if the pole-pieces cover a large part of 
the surface of the armature, as is the case in the direct- 
current machines described, the coil must be very narrow, 
so that only a small part of the surface of the core is utilized. 
To remedy this, the pole-pieces of alternators are made 
narrow, usually so that the width of the neutral spaces is 
equal to the width of the fields. A coil may then be wound 
on the core equal in width to the width of the neutral space 
(or of the field, since these are equal), and there will be no 
opposition of the E. M. F.'s when the armature is rotated. 
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As the armature is rotated, the coil enters and leaves the 
lid gradually; that is, first one conductor moves into ihe 
dd and becomes active, then the next, then the next, 
id so on until the entire coil is in the field, when it moves 
mt in the same manner. On this account, although the 
ield is practically of uniform strength, the fit/n/ E. M. F. of 
the coil rises gradually from zero, when it is wholly in a 
nitral space, to a maximum when it is wholly in one field, 
len falls gradually to zero again when in the other neutral 
lace. Thus, the graphical representation of the values of 
le E. M. F. of such a coil at any instant would correspond 
ith those given for the single loop in Art. 1 2, Part 2. 

26. If only a single coil is wound on the core, and its 
iridih is confined to that of the neutral space, only a small 

,rt of the surface of the core will be covered; but it is evi- 
lent that another coil of equal width may also be wound on 

ic core, directly opjMisite to the first. 

This second coil will then enter or leave one field at the 
lame time that the first is entering or leaving the other field, 
ind with the same velocity, so that if the number of tiirus 
wo coils is the same, they will have equal E, M, F. 's 
[enerated in them at any in.stant. 

This being the case, the two coils can be connected in 
lerics, so that their E. M. F.'s will add together. Fig. 10 
^presents a ring-wound ar- 
nature rotating in a bipolar 
Ield. with twoopposite coils, 

ich equal in width to the 

idth of the neutral space, 

'hich is equal in width to 

le field. These two coils 

■e connected in series, and 

I the two rings of a collect- 
ir (shown for convenience 

being concentric) on which bear nv 
letwccn which an external circuit may be connected. 

In this case, as in the simple loop. Ihi? K. M. F. (ai 
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resulting current) passes through one complete cycle during; 
each revolution, so that the frequency is equal to the num- 
ber of revolutions per second. The frequency of the alter- 
nating currents used for lighting is usually 125, although, 
recently, lower frequencies, down to about 60, have been 
adopted. It is evident that it would be very difficult to run 
an armature in a bipolar field at a number of revolutions per 
second equal to even the lower of the above frequencies, 
and for this reason it has been necessary to use multipolar 
fields for alternators. 

With a multipolar field, the widths of the neutral spaces 
and of the fields are about equal in the best machines, and a 
number of coils, each equal in width to the width of a neutral 
space, is wound on the core, the number of coils being made 
equal to the number of poles, and arranged, as in the bipolar 
machine described, so that each coil is in the same part of a 
field or neutral space at the same instant. 

It is evident that the E. M. P. of each coil passes through 
one complete cycle during the time that it is passing 
under two successive poles. This being the case, the 
frequency is then equal to the revolutions per second mul- 
tiplied by the number oi pairs of poles. 

For example, in a ten-pole machine running at 1,500 rev- 
olutions per minute, the frequency is 

GO ^ a - ^^"- 

27. For these multipolar machines, ring windings are 
seldom used in this country. One of the commonest types 
of alternators is shown in Fig. 11. This machine is pro- 
vided with eij^ht radial poles and eight coils on the armature, 
giving a style of winding in common use for machines used 
on lighting circuits. In Fig. 11, the coils C are shown bed- 
ded in the slots / on the periphery of the iron core /^,- which 
is built up of thin iron stampings. These coils are heavily 
taped and insulated and are .secured in place by hardwood 
wedges w. This makes a style of armature not easily 
injured, and the use of the dovetailed slots and wooden 
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redges docs away with llie iieceasily of band win^h. U is 
jccssary that the space between the two halves ot atiy one 
I be made about equal to the width of the fielil, as repre- 
in Fig, 11; for, if this were not the case, a part of 




each of the two halves wmiid lie in the same field at the same 
time, which would cause the E. M. F. 's generated to oppose 
each other. 

I 28. Alternators are generally required lo furnish a high 
Ibltagc, and. in consequence, the armature coils arc usually 
pnnected in series. Care must be taken, in connecting up 

ich windings, to sec that the cnils arc so connected that 
E. M. F.'s do not oppose one another. Ry laying out 
tdiagram of the winding, the manner in whirh Ihe coils 

tjst be connected will be easily seen. This has been done 
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in Fie. 12, which shows diagrammatically the winding of 
the armature in Fig. 11. The coils are represented by the 
heavy sector-shaped figures, and the connections between 




Fir,. VZ. 



tlu'in by the lighter lines. The circles in the center repre- 
sent the collector rinij:s of the machine, and the radial lines 
that part of the coil which lies in the slot, that is, the part 
in whi( h tlie E. M. F. is i^^enerated. The circular arcs join- 
inj^ tlu^ ends of the radial lines represent the ends of tlu- 
coils which ])roject beyond the laminated armattire core. 
The drawing is made to show the coils at the instant the 
(^ondnctors in the slots are opj)osite the centers of the pole- 
picccs. At this instant, tlu; V.. M. F. will be assumed to be 
at its maximum value, and wc will suj)j)ose that the direction 
of rotation is such that the (N)n(luctors under the north 
poles have; their E. M. F.'s directed from the back of the 
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'iritialiiri; towards the front. These E. M, F. s will be denoted 
by an arrow-head pointing towards the center of the circle, 
since the inner end of the radial lines rejiresents the front or 
^pCol lector -ring end of the armature. The E. M. F, 'sin the 
HsMidtictors under the south poles must be in the opposite 
^pprection. or pointing away from the center. After having 
^■inarkedthe direction of these E. M. F.'s, it only remains tc 
connect the coils up so that the current will flow in accord- 
ance with the arrows. Starting from the collector ring A' 
and passing through the coils in the direction of the arrows, 
it is seen that the connections of every other coil must be 
reversed; i. e., if /, 1', 2, 2', etc., represent the terminals of 
Ihe coils, r and ii' must be connected together, also 3 and 3, 
;ind so on. The end * is connected to the other collector 
ring, and the winding thus completed. The connections of 
such a winding are quite simple; but if not connected with 
regard to the direction of the E. M. F.'s, as shown above, 
the armature will fail to work properly. For example, if 1' 
were connected to S, 2' to 3, and so on around the armature, 
the even-numbered coils would exactly counterbalance the 
odd-numbered ones, and no voltage would be obtained 
between the collector rings. Of course, in this case, all the 
coils are supposed to be wound in the same direction, as is 
nearly always done in practice. The connections in the dia- 
gram, Fig. 12, are shown between the coils in Fig. 11. It 
should be noted that this constitutes an open-circuit wind- 
ing; that is, the winding is not closed on itself, like that of a 
continuous-current drum or ring armature. A large num- 
ber of alternator windings are of the open-circuit type, 
which is belter adapted for the production of high voltages, 
because it admits of a larger number of turns being con- 
nected up in series. 

20. Alternators are usually constructed to give a con- 
stant potential, and arc generally compound wound for this 
purpose; but instead of a shunt winding, separate excita- 
tion is almost invariably used, a small constant-potential 
direct-current dynamo furnishing the necessary current. 
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This small dynamo is sometimes coupled directly to the end 
of the shaft of the alternator, but more usually belted to a 
pulley on that shaft. 

The series coils of the field-magnets are excited by the 

main current of the alternator, just as in direct-currenl 

machines. As the alternating current could not be used 

directly for this purpose, a commutator is used, whicl: 

I changes the alternating current into a direct but pulsa 

' ting current, in which form it is used to excite the series 

coils. 
This commutator has as many segments as there an 
I poles, but alternate segments are connected together 

making practically a two-part commutator. 

Two brushes rest upon this commutator at opposite points 
and are so adjusted that they rest on two adjacent seg 
ments only at the moment that the E. M. P. of the arma 
ture winding is zero, so that the alternating current i 
changed to a pulsating current, just as described in Art. 14 
Part 2. 

30. If the series coils alone were connected betweei 
these brushes, their self-induction would oppose both th 
rise and fall of the current, and would therefore causi 
sparking at the commutator; hence, a resistance coil, s< 
wound as to have very little self-induction, is connecte( 
in parallel with the series coil, which so acts as to stead] 
the current through the series coils and prevent th( 
sparking at the commutator, in addition to providing j 
means for varying the degree of compounding of th( 
series field. In some machines, a revolving shunt is con 
nectcd across the terminals of the rectifier, thus cutting 
down the current to be rectified and thereby decreasinj 
sparking. 

This circuit through the series coils being in series witl 
the armature winding, it forms a loop in that winding, an< 
may be connected in at any convenient place; a point in th< 
winding about half way between the ends which are con 
nected to the collector rings is usually taken. 
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is represented in Fig. 13, which is a diajfram reprc- 
jiting a 10-pole alternator, with a drum-wound armature 
[) coiU, all connected in series. The beginning of coil 1 
*and that of coil 10 are both connected to one of the col- 
lector rings R, R, on which bear the brushes B and B^, 
which are connected to the line terminals 7" and 7",, as rep- 
Ksented. Coil 5 is not connected directly to coil 6, but its 




; carried in one of the sections «, «, ». n, n of the 
""commutator, these sections being all connected together as 
represented. 

The end of coil S is connected to one of the rest of the 
Ktions o, 0, 0, 0, o of the commutator, these being also all 
bnnected together. 

fAt opposite points on this commutator rest two brushes 
i and 5„ which are connected to the terminals c, d of 
: series winding on the fields. To these terminals the 
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resistance S is also connected, it being in parallel with 
the series cx>iis. 

The permanent excitation of the machine is supplied by 
a separate direct-current dynamo, as stated, which is con- 
nected to the terminals a^ b. 

In the position shown, the armature coils are most active, 
and the brushes B^ and B^ rest upon the middle of the com- 
mutator segments. At this instant, the path of the current 
flowing is as follows: Entering at terminal 7*, it passes 
through brush B to the inner collector ring, then through 
coils 10^ 9, 8y 7, and 6 of the armature winding, then to one 
of the commutator segments marked ^, and through brush 
B^ to terminal d of the series field coils. Here it divides 
between these series coils and the resistance 5, and reunites 
at terminal r, from whence it passes through brush B^ to 
one of the commutator segments marked n, then through 
coils 5, 4i Sy ^9 and 1 of the winding to the outer collector 
ring, then through brush B^ to terminal 7"^, and out* through 
the external circuit. 

As the armature revolves, bringing the coils into the neu- 
tral spaces, its current falls to zero. At this point, the brushes 
B^ and B^ pass from segments n and o to segments o and n, 
respectively, so that when the coils enter the fields again, 
and the current flows in the opposite direction through 
them, the direction of the current through the series wind- 
ing is not reversed, but remains in the same direction as 
before. 

It will be seen that the difference of potential between 
brushes />', and B^ is only that due to the drop in the series 
coils and the resistance, which are in parallel. The dif- 
ference of potential, therefore, between either of these 
brushes and one of the main brushes is practically the 
same, being equal to A the total E. M. F. generated in the 
coils. 

The above arrangement is that generally used in this 
country, although the type of the field-magnets and the 
details of construction vary considerably in the different 
machines. 
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H MULTIPHASE ALTEKKATORS. 

^1 31. The phase uf an alternating current rt;furi; to the 
^Beriiid of time at which it is at some particular point <>i its 
^Biycle; this terra is generally used in comparing two ormore 
^KUfferent alternating currents. For example, if two alter- 
^Kating currents of the same frequency arrive at similar 
^Boints in their cycles, the maximum or the zero-points, for 
^Hnstance, at the same instant, the two currents are said to 
^Be in phase ; while if one current does not arrive at its max- 
^ftnum value at the same instant that the other does, the two 
^KOrrenls are said to differ in pliase. 

^H The amount of this difference can be expressed in degrees, 
^Kust as is the difference between any two points in the cycle 
^M a single alternating current. (See Art. 24.) Thus, if 
^ftf two alternating currents, one reaches lis maximum value 
^Kt the same instant that the other is zero, they differ in 
^■Miase by \ cycle, or 0(i°, and every point in the cycle of one 
^Kurrent is 90° ahead of (or behind) the similar point in the 
^Bycle of the other current. 

^B 32. The alternators which we have been considering 

^ftave a single winding and furnish only one current ; for this 

^Keason, when it is desired to make a distinction, these 

^Hpachines are called sinfcte-ptaaMe alternators, and their cur- 

^Kent a single-phase current. The word monophase is also 

^Hpsed to express the same meaning. For certain applications, 

^Klternators are provided with several windings, so arranged 

^■8 to each give an alternating current differing in phase 

^|bx>ni the others. Such a machine is called, in general, a 

^notyphase or multlphaHe alternator. Those in general 

use have either two or three separate windings, and are 

called two-phaw: or tlirtte-pliase alternators, as the case 

may be. 

I Two-phase armatures can be considered as the windings 
two single-phase machines mounted on one core, the two 
indinga being separated 90° in the case of a two-pole 
Bcbiac. That is, when a coil of one winding would lie 
rectly under a pole, the corresponding; coil in the second 
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winding would be midway between that pol^ and the 
next. 

The two currents can be collected in two ways, namely: 
(1) by means of four collector rings, and {%) by means of 
three collector rings. To illustrate the former case. Fig. 14 
may be referred to. This represents the two windings of a 




Fig. 14. 

two-phase machine in a two-pole field. A displacement of 
90^ between the two currents calls for a similar mechanical 
displacement between the two windings. If four wires are 
used, the two circuits are independent of each other. The 

windings are represented by coils 1 and 2, connected to the 
collector rings a^ a' and ^, d'. These windings, as was 
stated, have no electrical connection with each other and 
connect to two distinct circuits. 

33. Sometimes, instead of using two distinct circuits 
with four collector rings, a common-return wire is employed. 




(a) 



Fig. 15. 



(») 



as indicated in {a), Fig. 15. Here one end of each of the 
phases is joined to a common-return wire, and but three 
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Mllector rii>gs are necess^iry. If E represents the E. M. F. 
generated per phase, the voltage between a b and /' c will be 
E, while that lietween a c will be E^l. This will be 
understood by referring to {b). Fig. 15, ihe E, M. F. between 
a and c being the resultant of the two E. W. F.'s E at right 
angles to each other. 



34. In some two-phase machines, the armature is wound 
pith the equivalent of a series-path continuous-current 
rinding, and four collector rings and independent circuits 
5 portions of the 




^^bre then required to avoid short-c 

^^knnature. If a closed-coil continuoui>- 

^^eurrcnt winding, as is represented in 

^^wig. l(i, is used in a two-pole field, a sin- 

^^ple-phase alternating current can be nb- 

^Ktained by connecting two collector rings 

' to opposite points of the winding, as at 

1 and S. Connecting two opposite points 

will give the highest E. M. F. that can 

be obtained in this manner. If on the fiu. m, 

same armature we make connection to two other opposite 

toints S and i, situated midway between 1 and 3, we shall 

Uive in circuit 2'—^' a single-phase alternating current dif- 

; in phase by 90" from that in circuit 1'-^' . To obtain 

It three-wire two-phase circuit from this sort of winding, it is 

rvident that there could be no combination of the indicated 

uits made, as a portion of the winding would be short- 

brcuited thereby. Instead, three of the four wires are used, 

B 1', W, and S'. In this case, the two phases are 1 and 2 and 

land S. Taking the E. M. F. per phase in the first instance 

E 
I be £, in the latter case its value would he ~7~. The 

(■'2 
|t. M. F. across the two outside wires 1 and 3 would be 
iqual to E. The current in the common-return wire making 
nnnection at S will be i/lt, times that in each of the outer 
vires, 

, The graphical representation of these two currents shows 
bat their sum at any instant is never as much as twice the 
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of one of the currents; this is represented in 
Fig. 17. 

In this diagram, 1 and 2 are the curves of the two cur- 
rents, their difference in phase being 90". It will be readily 
seen that there are parts of the cycle when the two currents 
are equal in value, but in opposite direction, as at 135° and 
315°, and their sum at these points is then zero. At points 
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00° from these, the currents are again equal, but in the 
same direction, so that their sum is a maximum. Between 
these points Ihtjir sum varies, its value at any instant being 
indicated by the dotted curve S~i. It will be seen that the 
ma.\imum point of this curve is about 1.4 times the maxi- 
mum of either of the others, and occurs 45° ahead of the 
maximum of the one and 4;"i° behind the maximum of the 
other; consequently, the sum of the two curves which differ 
HO' in phase is a similar curve whicli differs in phase 45° 
from each of the others. 



35. In three-phase machines, three windings are used, 

giving three separate currents differing 120° in phase; 
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^Hjiese are graphtcalEy represented in Fig. IS. It will be 

^Ken from this diagram that at any instant f/if amount oj 

^^htrreHt flowing in one direction is equal to (he amount 

^^mving in the opposite direction. For example, at the 

moment when the current represented by curve 2 is at its 

maximum, as at 90°, the other two currents are in the 

Opposite direction, and are each equal to half their maxi- 

Bum value; their sum is then equal and opposite to the 
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FlO. 18. 

urrent. At 180°, when curve 3 is at zero, the 
wo curves indicate that the currents are equal 
e and opposite in direction. At any other part 
cycle, the above statement still holds true, as will 

by measuring off with a pair of dividers the ver- 
stances of the three curves above or below the 

e at any point, and comparing the sum of the. 

s found below the line with that of those found 

ropertyof the three-phase current has a very impor- 
ult, namely, that only three wires are required for 
;c separate currents, since at any instant some one 

ires can act as a return conductor for the current 
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collector 




windings 7, S, and S. 



K 



iilso allows Ihe use of bu 
armature windings, one winding 
being connected either between 
each two rings or between one 
of the rings and a common 
junction. The former is repre- 
sented in the diagram. Fig. I'J, 
'the latter in the diagram. 
Fig. 20. In each, /?, R^, and A", 
are the three collector rings, 
on which bear the brushes B, 
y?,. and B,, and to which are 
connected the three armature 
In Fig. I'.i, winding / is connected 
between rings H and A'„ winding 3 between rings Ji and 
H^, and winding 5 between rings 
R, and R,; while in Fig. 20. 
windings /, 3, and 3 are respect- 
ively connected between rings 
R, R^, and A'„ and a common i 
junction c. The method r 
connection shown in Fig. 19 i 
known as the A ( delta ) or 
mesh connection. That shown 
in Fig. 20 is known as the Y 
or star connection. 

It should be understood that the above representatii 
(Figs. 13 and 20) are merely diagraittiialic: the separatt* 
windings are actually wound on the core in the same man- 
ner as illustrated in Fig. 13; the space between the two 
parts of each coi! of each winding being made great 
enough to admit the coils of the other two windings, so 
that the surface of the core is entirely covered. 

It will be seen that the method of connecting 
windings shown in Fig. 20 is the same as is used in I 
Thomson-Houston constant-current open-coil dynamo { 
Art. 20), collector rings being here substituted fora 
commutator segments of that machine. 
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PROPERTIES aF THE ALTERNATING CURRENT. 

36. It has been pointed out (Art. 70, Pari 2) that the 
beat generated in a conductor by a current, that is, the 
loss, is equal to C A*. As the strength of the current 
changes at every instant in an alternating-current circuit, 
it is evident that the heat generated also varies in the 
same manner; the temperature of the conductor does not 
correspondingly fluctuate, because the variations in the 
current are too rapid at the frequencies commonly used, 

|[but instead rises to some value where it remains steady, 
if a certain direct current will cause the temperature 
[ a conductor to rise to a certain point, it is evident that 
1 alternating current may be sent through this same con- 
klctor, which, under the same conditions, will cause its 
mperature to rise to the same point, in which case the 
^(etive strength of the alternating current will be the same 
t the strength of the direct current. 

' In order that the alternating current may fulfil these 
lOnditions, the mean or average of the square of all its dif- 
[ierent values during a complete cycle must be equal to the 
iquare of the direct current with which it is compared; 
then the square root of this mean square will be its effective 
strength, which may be expressed in amperes. 

As in a circuit which does not have any self-induction, the 
current is directly proportional to the E. M. F., it is further 
evident that the effective E. M. F. of an alternating current 
is also equal to the square root of the mean square of the 
various values of the E. M, F. which occur throughout the 

When the form of the curve is about that shown in 
Figs. 17 and 18, as is usually the case, the effective current 
is equal to {very nearly) ,707 of its maximum value, as is also 
the E. M. F. In speaking of an alternating current of so 
many amperes or volts, the effective current strength or volt- 
age (.707 of the maximum) is meant, unless otherwise stated. 

37. When the external circuit of an alternator is com- 
teled, the self-induction of that circuit prevents the current 
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from being proportional to the B. M. P. of the alternator; 
that is, when the B. M. P. is rising towards its maximum, 
the tendency of the current to increase is opposed by the 
self-induction of the circuit, and when the B. M. P. begins 
to decrease towards zero, the self-induction tends to keep up 
the current. In other words, the current lags behind the 
E. M. P. 

If the circuit has little self-induction, this lag will be very 
slight; but if the self-induction is considerable, the lag is 
also considerable, and its effect must be considered. 

If the current lags behind the B. M. P., C does not 

E 
equal -^, if E represents the applied B. M. P. as in the case 

A. 

of direct currents. This is due to the B. M. P. of self- 
induction, which opposes any change in the current dtie 
to a change in the applied B. M. P. ; so that the applied 
E. M. F. which is sending the current through the circuit 
at any instant is equal to the difference, between the actual 
B. M. F. used in overcoming resistance and the counter 
B. M. F. (that due to self-induction) at the same instant 
The difference is here taken because the counter B. M. F. 
of self-induction is in itself negative, i. e., it tends to 
prevent the current from changing. If we considered 
the E. M. F. necessary to overcome self-induction (the 
equal and opposite of the E. M. F. of self-induction), then 
the applied E. M. F. would be equal at each instant to 
the sum of the E. M. F. necessary to send the current 
through the resistance and that necessary to overcome the 
self-induction. This will be understood from the curves 
in Fig. 21. 

38. To find the applied E. M. F. necessary to send a 
given (alternating) current through a circuit having a cer- 
tain resistance and a certain self-induction, it is necessary 
to find the E. M. F. due to the self-induction at various 
instants during each cycle. The E. M. F. required to over- 
come resistance being directly proportional to the current, 
the difference between it and the counter B. M. P. (of self- 
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induction) at any instant is the applied E. M. F. required. 
It is to be observed that if at any instant the signs of the two 
values arc opposite, i. e., if one is + and the other — , the 
actual difference between them is the sum of their numerical 
values. 

The E. M, F. of self-induction is. of course, proportional 
to the rate at which the lines of force generated cut the 
conductors of the circuit, that is, the rnle at ivhich the 
number of lines of force generated changes. This is in 
turn proportional to the rale at which the strength of 
the current changes, which is greatest when the actual 
value of the current is zero, for then it is changing from 
a certain strength in one direction to the same strength in 
the opposite, and is least (zero) when the strength of the 
current is at its maximum, for then the current is not 
^rfianging at all, 

^^KtS* If the instantaneous values of the current and the 
^^bulting E. M. F. of self-induction are graphically repre- 


P. 

li 


































\0' 




,,-'■ 


t 


N 


























/ 




/ 




\- 


\ 






















V 










V 




r- 


^ 












Sj 


f 










X 










\ 










' 


/ 








/ 






\ 








\ 






t 


1 








/• 










K 








K 


a 






/ 










s 


\ 










V 






i- 


















\ 










^ 


^ 


















\ 




\ 




/ 


yi 
























\ 


3. 


y 










































w 

..-■nted, 

to the c 

Htaximu 


Pig. n. 

he latter will be found to be a curve similar 
urrent curve, and of the same frequency; bi 
m value occurs at the instant the current c 


n shape 
t as its 
urve is 



46 DYNAMOS AND MOTORS. § 30 

zero, the difference in phase (see Art. 31) between the two 

curves is 90**. 

This is represented in Pig. 21, curve 1 being the current 
curve and curve 2 the curve of the B. M. P. of self-induc- 
tion. 

As the actual E. M. P. required to send the current 
through the resistance is of necessity proportional to that 
current, it is evident that by properly choosing the scale to 
which it is drawn, the current curve (curve i, Pig. 21) may 
also represent the curve of this actual B. M. P. 

Considering this to be the case in Pig. 21« the applied 
B. M. P. curve may be constructed by taking the difference 
between the number of vertical divisions between curves 
1 and 2 and the base line at various instants (or the sum^ if 
one is -f- and the other •— ), and taking the result as the dis- 
tance between the base line and the applied B. M. P. curve 
at those instants; in other words, applying the principle 
given in Art. 38. 

This applied E. M. P. curve, so constructed, is represented 
by curve 5, Fig. 21. 

It will be seen that in this curve for a part of the time 
the E. M. F. of self-induction acts in the same direction as 
the applied E. M. F., while at other times it acts in the 
opposite direction. The effect of this is, as stated in 
Art. 37, that the current curve lags behind the E. M. F. 
curve, and the greater the self-induction the greater the 
lag. 

The effect of this lag is to increase the apparent resist- 
ance of the circuit ; for, as shown by Fig. 21, it takes a 
greater applied E. M. F. to force the current through 
the circuit than is represented by the drop (CR) due to 
that current; consequently, the energy expended in the 
circuit is not equal to the product of the E. M. P. and the 
current. 

On this account, ordinary measurements of resistance, 
watts, etc., can not be relied upon if made with alternating 
currents, unless instruments especially designed for the 
purpose are used. 
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TRAKSFOHMBRS. 

I 40. The principal value of alternating currents is due 
the fact that they can be transformed ; that is, a current 
of 10 amperes at a pressure of l,t"ioO volts may be trans- 
formed to any higher or lower pressure, with a correspond- 
ingly less or greater current, and this transformed current 
Pvill represent nearly as much energy as the original current. 
pn this account, the energy necessary to operate, say a 
number of incandescent lamps, may be sent out from the 
dynamo at a high pressure and small current strength, so 
that only a small wire is needed to transmit the energy, 
effecting thereby a large saving in copper expense ; then, at 
the point where the lamps are to be used, the current may 
be transformed from the high pressure used on the line, 
which would be dangerous to use inside a house, to a cur- 

^^Vnt of any convenient low pressure, which may then be 

^Hsed for operating the lamps. 

^F^ This transformation is effected by setting up a mutual 
induction between a coil of wire connected to the source of 
the alternating current (the alternator), which coil is called 
the primary, and a second coil, called the secondary, 
which is connected to the circuit in which it is desired to 
utilize the electrical energy. See also Art. 6, Part 3. 

These two coils are wound upon a closed magnetic circuit 
ot laminated Iron, such as is used in armature cores. The 
lamination is intended to serve the same purpose here, 
namely, to prevent the generation of eddy currents which 
would otherwise be set up in the core, owing to the con- 
tinual change of direction of the lines of force in the iron. 
This arrangement of primary and secondary coils, wound 

^^pon a magnetic circuit, is called a traasformer. 

^H 41. The primary coil of a transformer has a great deal 

**of self-induction, since a small current through it wii! cause 

a large number of lines of force to pass through the closed 

magnetic circuit, which lines cut the turns of the primary 

1^1 at a certain rate. Now, these lines also pass through 

B secondary coil, and cut its turns at the same rate, so that 
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if the number of turns in both primary and secondary is the 
same, the same E. M. F. will be set up in each; while if the 
number of turns differs, the E. M. F. set up in each will be 
in the same ratio as the number of turns. Thus, if the num- 
ber of turns in the primary is 1,000 and in the secondary 100, 
the E. M. F. in the secondary will be iVW = iV ^^ ^^^^ ^° 
the primary. 

On account of its great self-induction, a high E. M. F. is 
required to send even a small current through the primary 
coil; in other words, the E. M. F. of self-induction is very 
nearly equal to the applied E. M. F., so that, generally 
speaking, the ratio between the applied E. M. F. of the 
primary and that generated in the secondary is the same as 
the ratio of the number of turns. 

When the secondary circuit is closed, a current begins to 
flow in it. The effect of this current is to tend to send 
lines of force around the magnetic circuit of the transformer 
in the opposite direction to those which are due to the cur- 
rent in the primary coil; that is, to oppose the change in the 
lines of force which is producing the change in the current 
by changing the E. M. F. 

This reduces the choking-back effect of the primary coil, 
and results in an increase in the primary current, which 
restores the number of lines of force to its original value. 
The result of these various reactions is that the E. M. F. 
generated in the secondary coil is (practically) constant, 
whatever the current in the secondary, within reasonable 
limits. 

The current in the primary circuit is thus directly pro- 
p(;rtionaI to the current in the secondary plus a certain 
constant amount, whicli is necessary to send the lines of 
force throujj^h the magnetic circuit and to make up for the 
hysteresis and eddy-current losses in the iron due to the 
rapid reversals of the magnetism. 

A transformer is similar in action to a dynamo and a 
motor connected together, and is subject to the same losses, 
excH'pt friction, which docs not appear, since the material 
parts of ihe apparatus are stationary. The C*/? loss of 
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loth primary and secondary and the hysteresis and eddy- 
current loss in the magnelic circuit arc present, and may 
be calculated in a similar way as for a dynamo. 

142. Fig. 5J3 represents one form of transformer, without 
lie outside case, C is the con; or magntttiu circuit. 
The primary coil is divided into two parts, Pa.nd P^, which 
re located on each side of the secondary culls S and S^. 
'he two parts of the primary coils are connected in series 



\ 



by the connection shown at « ; / and /, are the primary 
terminals. The ends a and b of coil S and c and d of coil S, 
are brought out separately, in order that the two coils may 
be connected either in series or in parallel, as may be desired. 

Fig. 23 represents a cross-section of this transformer, 
showing the method of construction. Here C represents 
one of the punchings of which the core is built up. In 
milking the punching, it is cut across at //, leaving the 
tongue r, which is located between the coils P P. S S, 5, 5„ 
and /*, Py These coils are wound separately, and when 
completed are placed together and the punchings of the 
core slipped over them, the tongue T being bent out to one 
side until the punching is in place, when it is bent back 
again. The path of the lines of force through the magnetic 
iCtrcuit is indicated by the dotted lines. In some forms of 

.nsformers, the central piece 7" is made entirely separate; 
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a number of these pieces is assembled together and placed 
within the coils, the part C being slipped over. The mag- 
netic circuit is then broken in two places, while in the case 
shown it is broken only at one place, A. 

43. For ordinary work, transformers are wound for a 
primary E. M. F. of 1,000 or 2,000 (effective) volts, each 
secondary coil being wound to give about SO volts. These 
may then be connected in parallel or in series, giving 50 or 
100 volts as the secondary B. M. F. The efficiency of a 
100-light transformer is about 96)( at full load; in larger 
sizes the efficiency is higher, and in smaller sixes it is lower, 
as in dynamos. 

44. It is often necessary to change direct current to 
alternating, and vice versa^ and machines for accomplishing 
this are known as rotary transformertt. The transfor- 
mation might be effected by having an alternating-current 
motor coupled to a direct-current generator, simply using 
the alternating current to drive the generator. An arrange- 
ment of two machines is, however, not usually necessary, 
although such motor-generator sets are used to some extent 
Rotary transformers are largely used for changing alter- 
nating current to direct for the operation of street railways, 
electrolytic plants, etc. 

45. Suppose an ordinary Gramme ring armature to be 
revolved in a two-pole field, as shown in Fig. 24; a contin- 
uous E. M. F. will be generated and a continuous current 
obtained by attaching a circuit to the brushes «, a\ If, 
instead of the commutator, two collector rings were attached 
to opposite points of the winding, an alternating current 
would be obtained in a circuit connected to b^ b\ If the 
machine be equipped with both commutator and collector 
rings, the armature may be revolved by means of direct 
current led in at the brushes a^ a\ thus running it as a 
motor instead of it being driven by a belt. The conductors on 
the revolving armature will be cutting lines of force just as 
much as they were when the machine was driven by a belt; 
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"therefore an alternatiag current will be obtained from the 
rings d, b'. In other words, the machine acts as a trans- 
former, changing the direct current into a single-phase 
alternating current. If the operation be reversed and the 
machine be run as an alternating-current motor, the alterna- 
ting current will be transformed into a direct one. 




In the above single-phase rotary transformer, it is evident 
lat the maximum value of the alternating E. M. F. occurs 
when the points J, 1' to which the rings are connected 
are directly under the brushes a, a'; that is. the ma.\imum 
value of the alternating E. M. F, is equal to the continu- 
ous E. M. F. For example, if the continuous E. M. F., 
were 100 volts, the effective volls on the alternating-current 
side would be 70.7, because the effective value is ,707 times 
the maximum value. Therefore, if E is the alternating 
voltage and C the direct, we may write for a single-phase 
rotary transformer, 

£=,7U7K (I.) 

F. IV.- 1 ; 
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46* By connecting four equidistant points of a wind- 
ing (similar to that described in Art, 45), as in Fig. 17, 
to four collector rings, we would have a two-phase ro- 
tary transformer. The two phases would be related as 
shown in Fig. 17, and the E. M. F. of each phase would 
be determined in exactly the same way as in the case of 
a single-phase rotary transformer, such as described in 
Art. 45. 

47. By connecting three equidistant points of a winding, 
such as that described in connection with single-phase rotary 
transformers (Art. 45), a three-phase transformer is ob- 
tained. Since all direct-current, constant-potential arma- 
tures have closed circuit windings, it follows that the 
connections on the alternating side of a three-phase rotary 
transformer are always A, the Y connection not being prac- 
ticable. If li be the effective voltage between the lines on the 
alternating side of a three-phase rotary transformer and V 
the voltage of the continuous-current side, 

^=.612^. (2.) 

48. In the rotary transformers, whose principles were 
jiisl shown, the ratio of transformation is fixed, and the only 
way by which the transformed E. M. F. can be raised or low- 
ered is to raise or lower the primary voltage, or the voltage of 
the current supplied to the machine. It would appearatfirst 
slight that a variation in field strength would cause a varia- 
tion in the speed of a rotary transformer. This is true when 
i/irii f I uncut is supplied to the machine, the secondary volt- 
ai^c beini; alternating;. However, when the primary voltage is 
ii!firN(jtini;\ the machine operates as an alternating-current 
motor, and a variation in held strength in no wise affects 
the spiH'd at which the armature rotates. The reason for 
this will be seen when the subject of synchronous motors is 
taken up. 

When the piimary vohai^e is continuous, the speed would 
need to lu' varied in possibly «»nlv one case. That would be 
to synchroni/.e the secondary alternating E. M. F. with a 
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;sponding alternating-current circuit wilb which the 
^ary transformer is to operate in multiple. 

1 the primary voltage is alternating, a variation in the 
icondary (continuous) E. M. F. is secured by varying the 
bmber of turns in the secondary of the transformer sup- 
tying the rotary transformer. 



Q. In order that the speed of rotary transformers 
lay not be too high, it is usually necessary to make them 

1 more than two poles. In fact, in general appearance, 
Ky are very similar to ordinary multipolar direct-current 
inerators with the addition of the collector rings to one end 

he armature. Fig. ^5 shows one of these machines and 




S4 DYXAMOS AND MOTORS. §30 



ELECTRIC MOTORS. 



50l The principle opoD which all electric motors operate 
is that given in Art. 25, Part 2, namely, that a conductor 
CiMrrrtM^ a cm r rent zit/I tend to move if placed in a Ptag- 
netw jield. A motor then consists chiefly of a magnetic 
field and a conductor, or series of conductors, arranged to 
move in this tield; that is, the requirements for a motor 
are the same as tor a dynamo, and, as in a dynamo, the 
conductors are arranged around the surface of a drum 
or ring core, which rotates between the poles of an electro- 
magnet. 

Their difference can be summed upas follows: In the case 
of a dynamo, the mechanical energy delivered at the pulley 
nnates the armature in a magnetic field, and this results in 
the generation of an E. M. F. in the armature. In the case 
ol a motor, an electric current is sent through the armature, 
and this results in a reaction between the armature conduct- 
ors and the field, prtxiucing a rotation of the motor arma- 
ture. The essential difference, therefore, between a dynamo 
and a motor is that in the case of the former, mechanical 
energy is transtormed into electrical energy, while in the 
v\isc oi the latter, electrical energy is transformed into 
meehanieal enerirv. 

51. Motors may be divided into the same general 
V lasses as dynamos, according to the character of the cur- 
rent they require, as t\>llows: 

CoiiHtant-potciitial motors, which are supplied with a 

continuous current at a constant potential. 

Constaiit-currciit niotorH, which are supplied with a 

continuous current of a constant strength. 

AlteriiatinK-curreiit motors, which are supplied with 

an alternating current. 
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CONSTANT-POTENTIAL MOTORS. 

52. If the fields of a constant-potential dynamo are 

rezcited, and a current is supplied to the armature from some 

source, as represented at D in Fiy. 2G, so that the current 

enters at the brush -^B, and passing through the winding 

in the direction indicated by the arrow-heads, leaves at 




will be found by applying the thumb-and- 
finger rule given in Art. 20, Part 3, that all the con- 
ductors under the 5 pole face, /', c, d. f, /, and ^, will tend 
• to move (fo-iVHwardSt and all those under the N pole face, 
J. t, I, 111, K, and o. will lend to move upwards, as indicated 
by the small arrows, 
H These forces combine to produce a tendency of the arma- 
^Bnre to rotate about its axis, as indicated by the large 
^H^ows, which tendency is called the torque of the motor. 
^^ The amount of this torque — which is usually expressed in 
pownd-feet, that is, a certain number of pounds acting 
at a radius of a certain number {usually 1) of feet^-depends 
upon (I) the strength of the field, (■;) the number of con- 
ductors, (3) their mean distance from the axis of the 
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armature, and (4) the amperes in each conductor. In any 
given machine, the second and third conditions are con- 
stant, so that the torque depends upon the strength of the 
field and of the current. 

53. If the armature is stationary, the B. M. P. required 
to send the current through the winding is only that necessary 
to overcome the drop, which is due to the resistance of the 
winding. If the torque exerted by this current is greater 
than the opposition to motion, so that it causes the armature 
to revolve, the motion of the conductors through the field 
generates in them an E. M. P. which is opposed to the 
E, M, F. that is sending the current through the armature^ 
as will be seen by applying the thumb-and-finger rule given 
in Art. 8, Part 2, to Fig. 26. 

This opposing E. M. P., or eounter B. M. P., as it is 
called, then diminishes the effect of the applied B. M. P., 
so that the current is reduced, reducing the torque. Should 
the torque still be greater than the opposition to motion, 
the speed of the armature will continue to increase, increas- 
ing the counter E. M. P., and thereby further reducing the 
current and the corresponding torque, ;////// the torque just 
balances the opposition to the motion^ when the speed will 
remain constant. 

54. At all times the drop of potential through the 
armature is equal to the difference between the counter and 
the applied R. M. K's, and as the product of this drop 
and the current represents energy wasted, it is desirable 
to make it as low as possible. In good motors of about 
10-horscpower output, the drop in the armature is seldom 
more than about b*^ of the applied E. M. P., and is less in 
larger machines. 

This being the case, it is evident that if the armature 
is at rest, so that it has no counter E. M. P., and is con- 
nected directly to the mains, a very large current will flow 
thr«)U|^h it, which would be liable to damage the armature. 
0\\ this account an external resistance, called a tstartlng 
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iBnlfttancB, is ciinnectetl in series with the armature when 
it is tu be started. This resistance is made great enough to 
prevent more than about the normal current from Row- 
ing through the armature when it is at rest; as the arma- 
ture speeds up and develops some counter E. M. F., this 
resistance is gradually cut out, until the armature is con- 
nected directly to the mains, and is running at its normal 
speed. 

The energy represented by the product of the drop in 
the armature and the current is wasted; that represented 
by the product of the current and the rest of the E. M. F., 
that is, the counter E. M. F-, is the energy required to 
keep the armature in motion. This energy is expended 
in overcoming the friction losses and core losses in the 
motor itself, which are of the same nature and effect as 
the simitar dynamo losses (see Arts. 64 and 6S, Part 2), 
and also in overcoming the resistance to motion of what- 
ever external apparatus is driven by the motor. 

Aside from the comparatively small amount of current 
required to furnish the torque necessary for overcoming the 
losses in the motor itself, which is practically constant, the 
amount of current taken from the mains is directly propor- 
tional to, and varies automatically with, the amount of the 
external load, for if this external load is increased, the 
current which has been flowing in the armature can not 
furnish sufficient torque for this increased load, so that the 
machine slows down. This decreases the counter E. M. F., 
which immediately allows more current to flow through the 
armature, increasing the torque to the proper amount. If 
the external load is decreased, the current flowing furnishes 
an excess of torque, which causes the speed to increase, 
increasing the counter E. M. P. and decreasing the cur- 
rent until it again furnishes only the required amount of 
torque. 
kSince the counter E. M. F. is very nearly equal to the 

|>lied, it is only necessary for it to vary a small amount to 

fry the current within wide limits. For example, if the 
tstance of a certain armature is 1 ohm, and it is supplied 
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with cai re nt at a ooutant poteotui of 230 volts, tbea, vim 
a cnireat ol 10 ampen« is flovins thruogli it. tke dfup it 
10 X 1 = 10 ▼olt«, and tlte coaoter E. H. P. aiSO— I0 = i» 
vait*. Now, if the ctirreni is redoartl to 1 ampcra, the dr^ 
i» 1 X 1 = 1 ▼olt. and the counter E. M- F. b 350 — 1 = US 
Toltt; that is, the ommtcr E. M. F. ooly varies ^^ ot LTS^ 
while the current variea fy, or 90^ 

66. The field-auvnets al eoogtaat-potential moton I 
may be either shunt wound or series wound. 

If shunt wound, and supplied from a coostant-potcntid 
circuit, the magnetizing force of the field coils is oonstant, 
giving a practically constant field. This being the case, the 
counter B. M. P. is directly proportional to the speed, so 
that variations of the load make only slight variatiou in 
the speed. A shunt-wound motor is then (practically) i 
eouitant-ipetd motor. 

With series-wound motors, the strength of the field Taries 
with the current. If the load on such a motor is reduced, the 
excess of torque makes the armature speed up, but as the 
resulting decrease of the current decreases the field strength, 
the armature must speed up to a much greater extent, in 
order to increase the counter E. M. F. to the right degree, 
than would he necessary if the field were constant. If the 
load is increased, the increase in the current so increases the 
lield strength that the speed must decrease considerably, in 
order to decrease the counter E. M. F, by the right amount. 
The speed of a series-wound motor, then, varies largely 
with variations in the load. 

An advantage of the series motor is that if a torque 
greater than the normal is required, it can be obtained with 
less current than with a shunt motor, since the increased 
current inrreases the field strength, and the torque is pro- 
portional to both these factors {Art. 52). 

86. It would not be practicable to make the fieM 
strength of a shunt motor as great as is possible to get with 
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unter E. M. F. that the i 
In other words, the moto 






1 not o 



fseries motor, since it would require a very large inagnet- 
iaing force (Art. 35, Part 2), and with the shunt winding, 
thia extra magnetizing force would have to be expended all 
the time, whether the strong field was required or not, 
which would be very wasteful. In the series motor, how- 
ever, this extra magnetizing force is expended only while it 
is needed. 

I, A disadvantage of the series winding is that if all the load 
h taken off, the current required to drive the motor is very 
amall, making a weak field, which requiressuch a highspeed 
to generate the proper 
is liable to be damaged. 
or run aivay, if the load i 
with the shunt motor ; 
unbroken. 

On account of the above features, shunt motors are used 
to drive machinery that requires a nearly constant speed 
with varying loads, or which would be damaged if the speed 
should become excessive, such as ordinary machinery in 
shops and factories, pumps, etc. Series motors are used on 
street-cars, to operate hoists, etc., where, on account of the 

I earing used, the load can not be entirely thrown off, and 
le torque required at starting and getting quickly up to 
leed is much greater than the normal amount. 



i long as the field circuit 



REGULATION. 



57. The torque of a motor is a matter of current only; 
that is, for a given current, the torque will be the same 
whatever may be the speed, under otherwise the same con- 
ditions. The jy>.rrfat which the armature runs is a matler 
of E. M. F. only; that is, with a given current the speed 
will be proportional to the applied E. M. F., or, more 

rictly, the counter E. M. F., other conditions remaining 

e same. 

Elt has been shown that the torque will automatically 

^ulale itself for changes in the load. The speed, however, 



60 DYNAMOS AND MOTORS. § 30 

may be varied by varying the applied B. M. P., or the 
strength of the field. A change in speed may or may not 
result in a change in the torque required, depending on the 
character of the work done by the motor. 

The simplest way to vary the applied B. M. P. is to insert 
a resistance, in series with the armature, similar to the start- 
ing resistance. By varying this resistance, the applied 
E. M. F. at the terminals of the motor is also varied, al- 
though the E. M. F. of the mains remains constant. It is 
evident that the energy represented by the drop through 
the resistance is converted into heat, and is thereby wasted; 
therefore, for great variations in 8pe€(d this method is not 
economical, though often very convenient. 

The applied E. M. F. may also be varied by varying the 
E. M. F. of the generator supplying the current ; but this 
can only be done where a single generator is supplying a 
single motor or several motors, whose speed must all be 
varied at the same time; so that this method is used only in 
special cases. 

If the strength of the field is changed, the speed neces- 
sary to give a certain counter E. M. F. will also be changed, 
and this gives a convenient method of varying the speed. 
If the strength of the field is lessened, the speed will increase, 
and if the field is strengthened, the speed will decrease. 
With shunt motors, the field may be weakened by inserting 
a suitable resistance in the field circuit, as in shunt dyna- 
mos; with scries motors, the same result may be obtained by 
cutting out some of the turns of the field coils or by placing 
a suitable resistance in parallel with the field coils, as in 
series dynamos. 

This method of regulation is also of limited range, 
since it is not economical to maintain the strength of 
the field much above or below a certain density. The 
resistance method described above being rather more 
simple, it is p^cnerally used. For special cases, such as 
street-railroad work, various special combinations of the 
above methods of regulation are used, which need not be 
described here. 
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CONNECTIONS. 

58. Fig, 27 shows the manner in which a shunt motor 
■onnected to the terminals -+- and — of the circuit. It 
ft'will be seen that the 
■current through the 
lehunt field does not 

■ pass through the re- 
(sistance R. which is 

[connected in the ar- 
■mature circuit. This 
Kis necessary, since to 
vlceep the field strength 
(Constant the full difftr- 

lence of potential must 
Kl>e maintained between 

■ the terminals of the 

■ field coil, which would 
Btiot tie the case if the 
1 rheostat were included 
■fn the field circuit, for then the difference of potential would 
■be only that existing bolween the brushes -\-B and —B. 
■As tin starling the motor this difference of potential is small, 
■only a small current would flow through the field coils, which 

Would generate such a weak field that an excessive current 
would be required to furnish the necessary torque for start- 
ing the motor. 

When connected as shown, 
however, the field is brought 
up to its full strength before 
any current passes through 
the armature, so this diffi- 
culty does not arise. 

59. Since in a series 

motor the same current flows 

irough both armature and 

;oils, the starting resist- 

niay be placed in any 
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part of the circuit. The diagram in Pig. 28 illustrates 
one method of connecting a series motor to the line ter- 
minals -f and — . Here the starting or regulating resist* 
ance R is .placed between the — line terminal and the brush 
— i9 of the motor. 

To reverse the direction of rotation of a motor, it is 
necessary to reverse either the polarity of the field or the 
direction of the current through the armature. (See 
Art. 269 Part 2.) It is usual to reverse the direction of 
the current in the armature, a switch being used to make 
the necessary changes in the connections. 

Fig. 29 shows the connections of one form of reversing- 
switch. Two metal bars B and B^ are pivoted at the 

points 7* and T^ ; one is extended 
and supplied with a handle H^ 
and the two bars are joined 
together by a link L of some in- 
sulating niaterial, such as fiber. 
Three contact pieces ^, ^, and c 
are arranged on the base of the 
switch, so that the free ends of 
the bars B and Z>\ may rest 
either on a and by as shown by 
the full lines, or on b and r, as 
shown by the dotted lines. The 
line is connected to the termi- 
nals T and 7",, and the motor armature between a and ^, or 
vice versa^ a and c being connected together. 

When the switch is in the position shown by the full lines, 
7" is connected to a by the bar B, and T^ to b by the bar B^. 
If the switch is thrown by means of the handle H into the 
position indicated by the dotted lines, T is connected to b 
by the bar B^ and T^ to a by the bar B^ and the connection 
between c and a. The direction of the current through the 
motor armature, or whatever circuit is connected between 
a and by is thus reversed. 

In order to reverse only the current in the armature, the 
reversing-switch must be placed in the armature circuit 




Fig. 29. 
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Fig. 30 represents the connection for a reversing 
t motor (a) and a reversing-series motor {d); -\- and - 
e the line terminals; J^, the starting resistance; S and JS, 




the brushcis of the motor; and F. the field coil of the motor. 
Some manufacturers combine the starting resistance and 
rcversing-switch in one piece of apparatus. 

tl 60. In connecting up motors, some form of main switch 
B used to entirely disconnect the motor from the line when 
jt is not in use, 

Tu prevent an excessive current from flowing through the 
motor circuit from any cause, short strips of an easily melted 
metal, known as futivs, mounted on suitable bases, known 
as fuse boxes or cut-outs, are placed in the circuit. 
These fuses arc made of such a sectional area that a current 
greater than the normal heats them to such an extent that 
they melt, thereby breaking the circuit and preventing 
damage to the motor from an excessive current. The length 
t fuse should be proportioned to the voltage uf the circuit, 
khigh voltage requiring longer fuses than a low voltage, in 
ier to prevent an arc being maintained across the termi- 
EbIs when the fuse melts. 

> If desired, measuring instruments (ammeter and volt- 

letcr) may be connected in the motor circuit, so that the 

londition of the load on the motor may be observed while it 

is in operation. All these appliances, regulating resistance, 

reversing-switch, fuses, instruments, etc., are placed inside 

emain switch; that is, Ihe current must pass through the 

ttin switch before coming to any of these appliances, so 
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If T represents the torque in pounds at one foot radius, 
and 5 the number of revolutions per minute, then the horse- 
power 

H. P. = '^ ^ 1^1^ ^-^ = .0001904 TS. (3.) 

That is, to obtain the liorscpinver of a mator^ multiply 
3. HIO by 2^ this product by the torque expressed in pounds at 
one foot radius^ and this product by the number of revolutions 
per minute ; divide the final product by SSflOO. An alterna- 
tive method is to use the constant .0001904, and multiply this 
by the product of the torque and speed expressed as above. 

If the H. P. and the torque are known, the number of 
revolutions per minute may be found from a modification of 
the above formula : 

^ _ 33,000 H. P . _ H. P. - . 

ax 3.141G T" .0001904 T ^^' 

Or, if the H. P. and the number of revolutions per minute 
are known, the torque may be found from the formula 

y._ 33 ,000 H. P. _ H. P. . 

"" 2"x 3. 141G S "" .00019045' ^^'^ 

63. Fig. 32 illustrates a method of measuring the torque 
of a motor by means of a Prony brake. 

This brake consists of two blocks of wood B^ B^ made to 
fit the surface of the pulley P. These two blocks bear upon 
the pulley on opposite sides, as represented, and their pres- 
sure on the pulley is regulated by means of the thumb-nuts 
iV, N on the bolts which hold the two parts of the brake 
together. 

The lower of the two blocks of wood is extended in both 
directions, forming on the one side an arm /I, which presses 
on the [)latform of a set of scales .V, and on the other a place 
where weights W may be [)laced to balance the weight of 
the arm A. A s[)ike, or lag-bolt, C should be driven through 
the end of the arm A to better locate the point where it 
presses on the scale platform. 
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If the pulley P is revolved in ihe direction indicated by 
tlie arrow, the friction of the brake will cause it to tend to 
rcjtaCe with the pulley, which will cause the spike in the end 
of the arm A to press down on the scale platform, and the 
amottnt of this pressure may be weighed by the scale-heam. 
The product of the number of poundis pressure and the 

frizontal distance R between the point (7 and the center 
the pulley in feet, will give the torque in pound-feet. 




Then, if the number of revolutions per minute of the motor 
is counted, the horsepower absorbed by the friction of the 
brake, that is, the output of the motor, may be calculated 
by formula 3. If at the same time the amperes input and 
the voltage at the motor terminals are measured, their 
product will be the watts input, and by reducing the output 
and the input to the same units, the efficiency may be 
calculated by dividing the out|iut Ijy the input. (See for- 
mula 2, Parts.) 

B4. The following example shows the application of tha 

(ove rules and method of testing motors: 

It-wound motor \% designed for an output 
\ a cunstanl-poteDtiul circuit of S80 vults. 
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When driving a certain piece of machinery, it requires an Input (t 
both fieid and armature) of 85 amperes at 280 volts. It Is desired t 
find the actual horsepower required to drive this machinery. Tb 
motor is disconnected from its load and a Prony brake rigged up a 
shown in Fig. 83. The thumb-nuts are screwed up until an ammete 
in the motor circuit indicates that 85 amperes are flowing throuj^ th 
motor circuit, and the voltage at the terminals is found to be S90 volti 
Under these conditions, the pressure on the scale platform is found t 
be 24 pounds, and the speed of the motor 800 revolutions per minute 
The horizontal distance between the center of the shaft and the poin 
where the brake arm rests on the scales is 80 inches. What is the onl 
put of the motor at this load in horsepower, and what Is Its efficiency i 

Solution.— The distance R (Pig. 88) being 80 in., or d( ft, and th 

pressure on the scales being 24 lb., the torque of the motor is 24 X 2( = 

60 pound-feet Substituting this value for T, and 800 for S^ i 

. 1 o . XT i> 2xai416x80x800 801,588.6 
formula 3, gives H. P. = ^^ = -gpjgjp 

Note. — As the instruments used are liable to slight errors, fou 
figures (other than the zeros) left in the calculations will be nea 
enough ; if the last figure dropped is equal to 6 or more, the last figur 
kept should be increased 1. 

Then, ^^ = 9.1898. or 9.189 H. P. is the output of the motor. 

Am 
The input is 35 X 330 = 8,050 watts. Reducing 9.189 H. P. to watt 
gives 9.139 X 746 = 6,817.694. or 6,818 watts. 

Then, by formula 2, Part 2, the efficiency E = ^'^IfJl,^^ = 

84.7 per cent. Ans. 

(^5. The loss represented by the difference betweei 
the input and the output is made up of exactly the same ele 
ments as the total loss in dynamos; that is, mechanical fric 
tion, core loss, field loss, and armature loss. As in dynamos 
the armature loss and field loss may be calculated from th( 
resistance of the armature and field coils^ remembering tha 
in a shunt motor the armature current is less than the tola 
current, since the field circuit is in parallel with the arma 
ture. The core loss and friction taken together evidentl] 
e(iual the difference between the total loss and the sum o 
the armature and field losses; they can not be separatee 
without making special tests. 
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* In a sliunt motor, the field loss, core loss, and friction are 

1 practically constant at all loads, since the speed is nearly 
fonstant. This being the case, the watts required to run the 

to/or without any external load ivkatever is a measure of 
J tosses plus a certain small amount of armature C'R, 

■hich may be calculated, though it is usually small enough 
2 neglected without much error. This being the case, 
E output which a motor will give at any given input will 

S very closely equal to that input less the watts required 
to run the motor free, and also less the armature C* R loss at 
the given input; from this the efficiency may also be calcu- 
lated. To determine the efficiency of the motor at any load 
within its rated capacity, then, it is only necessary to care- 
fully measure its input at no load (running light or free), 
and to make the above calculation. This, however, will give 
no idea of its performance as to heating and sparking, under 
the calculated load, so that the Prony-brafce test is more 
satisfactory. 

For example, a certain shunt-wound motor requires a cur- 
,t of 1.2 amperes at 500 volts when running /rrr, i. e., 

'ithout external load. Its armature resistance is 3.4 ohms 
and its field resistance is 834 ohms. Its field current is 
then JJJ = .5995 ampere, or say .6 ampere. Its armature 
current is then 1.2 — ,(i = .6 ampere, and its armature loss 
only .6 X .6 X 2.4 = .a04 .watt, which may be neglected. 

The input amounts to 1.2 x 500 = 600 watts, of which the 
field loss is .6 X 500 = 300 watts. 

If the efficiency when taking 10 amperes at 500 volts is 
wanted, it may be found from the above figures, as follows: 
Total input, 10x500=5,000 watts. Field loss and core 
loss and friction combined amount to 600 watts, as found 
above. The armature loss amounts to 9.4 X 94x2.4 = 
212.064, or say 213 watts. The total lo.ss is then 600 -j- 212 
= 812 watts, so that the output is 5,000 — 812 = 4,188 watts, 
and by formula 2, Part 2. the efficiency E= JJi;g = .837, 
or 83.7j(. In a similar manner the efficiency at any other 
input, or the input required for any given output, may be 
found. 
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The input, consequently the output, of constant-potential 
motors is limited by the same factors that limit the output 
of dynamos, namely, heating and sparking. 

In motors, as the direction of the current, for the same 
direction of the lines of force of the field and of rotation, is 
opposite to that in a dynamo, the armature reaction shifts 
the neutral space in the opposite direction, that is, backwards^ 
against the direction of rotation. (Compare Fig. 20 with 
Fig. 28, Part 2. See also Art. 29, Part 2.) Consequently 
the brushes of a motor must be shifted backwards as the 
load increases. 



THK COl^STRUCTION OF CONSTANT-POTENTIAL 

MOTORS. 

66. It should be clear that any direct-current constant- 
l)otential machine can be used either as a motor or a dynamo. 
If supplied with current, it turns and furnishes mechanical 
power; if supi)lied with mechanical power, it turns and fur- 
nishes an E. M. F. which can be used to supply a current. 
Consequently, the statements already made concerning the 
construction of dynamos api)ly ecjually well to the construc- 
tion of motors, and the same varying types of field-niagnels, 
l)i[)olar and multipolar, are used with either drum-wound or 
ring- wound armatures. (Sec Figs. 45 and 49, Part 2.) 

For certain s{)ecial aj^plications of motors, such as for 
street-cars, locomotives, and the like, certain features must 
be introduced in the design to meet the peculiar conditions 
under which the motor is to operate; these features need 
not be discussed here. 



l':XAMl>Li:S FOW PWACTICE. 

1. A certain shunt-wound motor gives an output of 28 H. P. and 
reijuires an ini)ut of 1K).() aniptres at '240 volts. Its armature resistance 
is .(KM> olim and its fu'ld rrsislanco l.")() ohms. Find the percent, of the 
above input lost in the eoie and in friction combined. Ans. 4.51;^. 

'J. Wliat is thecounlrr IC. M. 1". generated in the above motor, when 
running under the conditions given ? Ans. 330.88 volts. 



DYNAMOS AND MOTORr. 



71 



A series-wound motor has a.n armature resistance of .-"i ohm and 
a field rcbistaiK'C of .MS ohm. When tested with a Prony brake, it 
gavt a torque of 63 foot-pounds when running at a speed of 850 revo- 
lutions per minute, and took 44 amperes at 240 volts. Find (n) the 
(iciency of the motor; ii) the armature loss in ]>er cent, of the input; 
the lietd loss in per cent, of the inpiiti and (•/) the core loss and 
: 
; hr 



n combined ii 



t. of the ii 






(a) 70.22^ 
Ii) 9,1 BT«. 
W (Has- 



t made in Art. 64 is completed, the tension on 
e hralcc tbumli nuts is slackened until the motor takes 34 amperes, 
the E. H. F. remaining at 2;!0 volts. The pressure on the scale plat- 
form is found In be IS.ttfl Jb. The armature resistance is then measured 
and found to be .4 ohm, and the field resistance 230 ohms. Using only 
four figures in any of the calculations, elc, calculate {a) the speed 
(assuming it to be proportional to the counter E. M. P., and taking it to 
the nearest whole revolution only); <*) the horsepower output; (<■} the 
input in watts; ((/) the efficiency ; (<■) the per cent, of the input lost in the 
fields: l/)lhepercent. of the input lost in the armature; and (^') the per 
cent, of the input lost in the core and in friction combined. 

f (a) 810 R. P. M. 
(fi) 8,08:1 II. P. 
(0 5,52fl waits. 

(rf) 82.incs. 

(f) 4.16T!(. 
(/) 8,833tf. 

CONST ANT-CUR HE NT MOTORS. 
§-'67. If a scries motcir be supplied with a cnnstaiit cur- 
rent, the resulting torque will also be cimstaiit. This being 
the case, if this torque is in excess of that required to over- 
come the opposition to the motion of the armature, the speed 
of the motor will increase indefinitely ; tliat is, the motor will 
run away, until the armature bursts from centrifugal force. 
The increase in the counter E. M. F. of the machine merely 
increases the appHed E. M. F. in the same proportion, this 
J automatically regulated by the dynamo. 
Motors intended for constant-current circuits must then 
>vided with some sort of regulator for varying the 
iqiic according lo the load. 
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The usual method of regulation is to attach to the motor 
shaft a device like a centrifugal governor. If the speed of 
the motor exceeds a certain limit, by reason of the load 
being thrown off, the weights of the governor move out- 
wards, and this motion is made to decrease the torque of 
the motor, either by cutting out some of the turns of the 
field coils or by shifting the brushes around the commutator. 
The first method reduces the torque by weakening the field; 
the second causes the torque of a part of the armature 
winding to oppose that of the rest, so that the resulting 
torque is diminished. 

Constant-current motors are made only in the smaller 
sizes, and are little used, being generally less satisfactory in 
their operation than constant-potential machines; they need 
no further description here. 



ALTBRNATING-CURRBNT MOTORS. 



SYNCHRONOUS MOTORS. 

68. Slns^le-Phase Syncttronous Motorfu — If an 

alternating-current generator has its fields excited from 
some source of direct current, and a simple, single-phase, 
alternating current is supplied to the armature, the rapid 
reversal of the current will produce a torque that as rapidly 
reverses its. direction; consequently, the armature will 
remain at rest, since the tendency to turn in any one direc- 
tion is reversed before the armature has time to start. 

If, however, the armature is rotated from some external 
source until its own E. M. F. is not only of the same fre- 
qucncy, but opposite /;/ phase to the E. M. F. of the source 
of the alternating current, and is then connected to the 
alternating-current circuit, the torque will be continuous in 
one direction, and the armature will continue to rotate, 
because each time the current reverses its direction in the 
armature conductors they will 'have moved into a field 
of the opposite polarity, so that the reversed current will give 
a torque in the same direction. 
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It is necessary thai the two E. M, F.'s (that of the circuit 
ind that of the motor armature, i. e., the counter E. M. l'.) 
rhould be in phase, for if that is not the case, the maximum 

. M. F. of the circuit will occur at the instant that there 
is little or no counter E. M. F. to oppose it, so that an 
excessive current will flow through the armature, which 
will not produce a corresponding torque, since the reaction 
Ipf this excessive current will very much weaken the mag- 
netic field of the machine. 

In order that the frequency of the counter E. M. F. should 

: the same as that of the applied E. M. F., it is evident 
Jiat the motor must be driven at such a speed that the 
woduct of the number of revolutions per second and 
iie number oi pairs of poles of its field-magnets shall equal 
Jie frequency desired. (See Art. 27.) 



When the counter E. M. F. of the motor is exactly 
opposite in phase to the applied E. M, P., it is evident that 
1 coil of the motor armature must be in exactly the same 
in relative to the fields through which it is moving as 
t coil of the generator is to its fields. On this account these 
Baoturs are called Hynchrnnous motors, synchronous mean- 
sccurring at the same time." 
If these two E, M. F.'s are made exactly equal, then no 
wrrent can flow through the motor armature when they 
innected together; but just as soon as the motor arma- 
kure s/i/>s liwi-/' a sufficient fraction of a revolution for its coils 
n a certain position (relative to the fields) ati instant 
Viter than the generator coils, then a current can flow 
■ough the motor armature and exert a torque to drive it. 
_ If this torque is sufficient to drive the armature, it docs 
not slip back further; if not sufficient, it slips back a little 
more until the increased current does furnish torque enough. 
If the load changes, the armature slips back a little or moves 
ahead a little, according to whether the load increases or 
decreases. 

The total amount of this slip of the armature at the maxi- 
felum load does not exceed about a quarter of the width of a 
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pole-piece, or in a ten-pole machine, about -^ revolution, 
so that the revolutions per ininule do not change with 
changes in the load, if the frequency is kept constant. If 
the XoaA increases beyond the capacity of the machine, so that 
more than this amount of slip takes place, the excessive cur- 
rent which flows distorts and weakens the field to such an 
extent that little or no torque is exerted, and the armature 
stops. 

The action of a synchronous motor may be likened to a 
pulley (the generator) driving another (the motor) by means 

Hm ■■ of a spring, as represented in Fig. 33, 

where G represents the driving pulley, 
1^ .^^ ^ M the driven, and 5 is the spring fixed 

^ —^ia ^^d firmly to the driving pulley and play- 
i ' 1^ ing between two pins on the driven 

I I pulley. If there is no load on the 

■ ^ driven pulley, the spring will be nearly 

^''' "" straight, as represented by the full 

lines; but if a load is thrown on the driven pulley, the 
additional torque required will bend the spring, as repre- 
sented by the dotted lines, so that the driven pulley slips 
back a little, with reference to the driving pulley, although 
the number of rev()lutions per minute of each remains the 
same. 

If the torque becomes excessive so that the spring is bent 
beyond its clastic limit, it breaks, and the driven pulley 
stops. 

When supplied from a circuit of a constant frequency, 
there is then only one speed at which the motor can 
run, and there is nn method of regulating the speed, 
except by varying the frequency of the applied E. M. F., 
which is not practicable. If the field is weakened, more 
current is required to give the same torque, but the 
speed remains the -same ; if the applied E. M. F. is 
decreased (without changing the frequency), the armature 
must slip back a little more to allow the same current 
to pass through the armature, but the speed remains the 
same. 
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7(K If .T single-phase generalnr is used ;is a motor, it will 
not bf stlf-siiiritiiy. Single-phase synchronous motors are 
maiiufaet tired hy the Fort Wayne Electric Works, which are 
self-starting, with or without load. One of these machines 
is illiistrate<l in Fig. 34, and a brief description will serve 
to explain the principle employed in starting. 

The general appearance of the machine can lie seen from 
Fig, 3-1, which is quite similar in appearance l<) a multipolar 
direct-current machine. 




fThe laminated field in the machine illustrated has ten 
These are provided with two windings. One of 
s composed of a few turns per pole of comparatively 
IBvy wire, and another of a large numher of turns of light 
The former is used in starting and the latter serves 
Isupply the fidd excitation after the machine has been 
K>ught to speed. 
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The armature is provided with two windings, one an 
ordinary distributed winding connected to the commu- 
tator shown at the left end of the machine, and the other 
a shuttle winding, concentrating a number of distinct 
and regularly alternating poles around the armature. The 
two ends of this latter winding are connected to two 
collector ringfs at the pulley end of the machine. Bearing 
on these rings are two brushes, one of which can be seen 
at a. 

The operation of the machine can be summed up as fol- 
lows: In starting, the heavy field winding and distributed 
armature winding are connected in series. These connec- 
tions to the circuit are made by means of the special knife 
switch mounted on top of the machine. Its starting posi- 
tion is that shown in the figure. The alternating current re- 
verses its direction in the armature and field simultaneously, 
producing a torque in one direction. This brings the 
machine rapidly up to synchronous speed, which is indicated 
by the illumination of a lamp / connected to the shuttle 
winding on the armature. When this speed has been reached, 
the handle of the switch is lifted and the shuttle armature 
winding thereby directly connected to the alternating supply 
circuit. The field requiring direct current receives its 
excitation from the fine wire winding, which is, by means 
of the switch, connected to the distributed armature wind- 
ing through the brushes and commutator shown at the left 
end of the machine. 

71. Polyphase Synchronous Motors. — ^Synchro- 
nous motors for polyphase circuits are similar in construction 
to polyphase generators. With regard to their construction, 
these machines can be divided into two general classes: 
(1) those with internally revolving fields; (2) those with 
internally revolving armatures. 

Machines of the first class are those used for such pur- 
poses as driving arc-light dynamos, frequency changes, etc 
The external stationary member is made of laminated soft- 
iron disks, with inwardly projecting radial teeth. The 
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; is similar to that of the stationary member of a 
polyphase induction motor, as will soon be described. The 
effect of the polyphase currents (either two or three phase) 
is to cause a rotating magnetic field. 

In starting, a current is induced in the internal field, 
which has radial poles. When the machine is working at 
synchronous speed, the internal field is energized by a con- 
tinuous current, and 
the motor is now ca- 
pable of furnishing 
power. Fig. 35 shows 
a three-phase machine 
with stationary arma- 
ture and internally 
revolving field. The 
field is supplied with 
its exciting current by 
the two collector rings 
shown. Such 
machine could be 
operated either as a 
three-phase generator 
or a three-phase syn- 
chronous motor. 

Machines belonging to the second class, as divided above, 
; used principally as rotary converters. Here the wind- 
pg on the armature causes a rotating magnetic field in that 
pember. The reaction between its field and that caused 
f the current induced in the stationary winding is suflScient 
9 start the machines. 

^ Several other methods of starting polyphase synchronous 
lOtors can be employed. The first of these necessitates the 
E of a polyphase induction motor, belted to the shaft of 
3ie synchronous motor. It will be seen farther on that 
induction motors are self-starting, and a machine of this 
type and of small capacity can be used for the purpose 
mentioned. When the synchronous motor is running at 
sd, it is synchronized with the supply circuit as any 




Flo. 35. 
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alternator would be, and the belt from the induction motor 
is then thrown off. 

Another method of starting a synchronous motOFy which 
is employed only in case the motor forms part of a rotary 
transformer, involves the employment of the direct-current 
side of the machine. The latter winding enables the ma- 
chine to be run as a direct-current motor, enabling the 
alternating side to be synchronized with the supply circuit, 
as before. From the foregoing it will be seen that poly- 
phase synchronous motors are not to be used where ma- 
chines requiring a large starting torque are required. Their 
essential quality of operating at absolutely constant speed 
(supposing the frequency of the supply circuit to be con- 
stant) makes their use in many cases indispensable. 



INDUCTION MOTORS. 

72. Sinffle-Pliase Motors. — ^The lack of the power 
of self -starting under load in synchronous motors led to 
the development of a type of motor known under the above 
head. Induction motors, in the same way as synchronous 
motors, can be divided into two general classes: (1) single- 
phase, and (2) polyphase. 

The operation of an induction motor, whether single or 
polyphase, rests essentially on the existence or assumption 
of a rotatinpf magnetic field. 

Until a few years ago, a single-phase, self-starting induc- 
tion motor was practically unknown in commercial work. 

In discussing induction motors, some writers employ the 
terms y?r A/ and armature in the same relation to the supply 
circuit that exists in a direct-current machine. To avoid 
confusion, however, we shall refer to the armature as the 
revohiitjr member and the Jicld as the stationary member, 
irrespective of line connections. 

73. The field of a single-phase induction motor is wound 
exactly the same, in principle, as that of a direct-current 
machine. The field core, as well as the armature core, is 
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natcd instead of being solid, and is su made lo reduce 

s from hysteresis and eddy currents. 

I The armattite of a single-pliase induction motor is, in most 

, the same as that employed in polyphase induction 

|lotors. By referring to Fig. 36, an idea of its construction 

be obtained. There is a laminated core provided with 

lumber of slots. In these slois are placed copper bars 

^, b, insulated from the cure by means of insulating 




troughs (, The ends of the copper bars are connected 

together by means of the copper rings r, r. The whole con- 

ygtruction resembles a squirrel cage, and this form of winding 

^ therefore known as the squiTTcl-cage winding. The aker- 

lating magnetism in the field sets up current in the arma- 

JBre, and the reaction between the two causes a repulsion. 

this does not evince itself as useful torque, as the forces 

re balanced. If, however, the armature is given a start 

by hand) in cither direction, it will increase in speed till 

icb a speed is reached that the slip is just sufficient to 

llow the proper working current to be induced in the arnia- 

An increase in load will cause the armature to drop 

£ht]]r in speed. 



74. It has been s^itl Ihat a motor with an armature of 
this type is not self-starting. As far as practical require- 
ments are concerned, a motor of this type would do little 
towards supplying the demand. 

The motor shown in Fig. 37 is one made by the Wagner Elec- 
tric Manufacturing Company, and has the properly of self- 
starting. The field is of the usual type, described as follows: 
The armatvire is provided with a distributed winding. In 




starting, the field is connected to the supply circuit, and the 
induced currents in the armature, instead of being allowed 
to circulate at will, as in the squirrel-cage type, are con- 
trolled by means of short-circuited brushes, one of which 
can be seen at h. Fig, 37, The reaction between armature 
and field causes a repulsion as before, one component of 
which acts tangenlially on the armature, causing it to 
revolve with considerable torque. When the proper ^>eed 
has been reached, a pair of centrifugal weights concentric 
with the shaft lift the brushes from the commutator and 
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htroduce at the same time a copper ring into the center of 

pe commutator, completely short-circuiting the latter. By 

p!s means the armature winding is converted into one of 

5 squirrel -cage type, and the machine, therefore, continues 

(» operate. This machine can be made to start with even 

tore than full-load torque by cutting out part of the field 

g. This is done by connecting the line-wires to bind- 

;-posts a and r. in place of a and b. 

he direction of rotation in a Wagner single-phase indnc- 

k>n motor can be changed by shifting the brushes a slight 

Kiount forwards or backwards. 



POLYPHASE INDUCTION MOTORS. 

[ 75. In a great many cases it is necessary to have an alter- 
lating-current motor which will not only start upof itsown 
accord, but one which will start with a strong torque. This 
is a necessity in all cases where the motor has to start up 
jjnder load. It is also necessary that the motor be such 
liat it may be started and stopped frequently, and in gen- 
's] be used in the same way as a direct-current motor. 
Bfaese requirements are fulfilled by polyphase induction 
fftars, which have come largely into use. especially in sizes 
p to about 100 or 150 H. P. 
I 76> Polypbase Induction motors are usually made 
operation on two or three phase circuits, although they 
S sometimes operated on single-phase circuits, as explained 
They always consist of two essential parts, namely, 
t primary, or field, to which the line is connected, and the 
Wndary, or armature, in which currents are induced by 
B action of the primary. Either of these parts may be 
ivolving member, but we will suppose in the following 
^t the field is stationary and the armature revolving. In 
tynchronous motor or direct-current motor, the current is 
, into the armature from the line, and these currents 
:ting upon a fixed field provided by the stationary field- 
Kagnet produce the motion. In the induction motor, how- 
ever, two or more currents differing in phase are led into 
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the field, thus producing a magnetic field whicli is constantlf 
changing and which induces currents in the coils of the arma- 
ture in the same way that currents are induced in the sec- 
ondary coils of transformers. These induced currents 
react on the field and produce the motion of the armature 
It is on account of this action that these machines are called 
induction motors. 

PIBI.D WmDlHO. 

77. The winding on the field of an induction motor is 
almost exactly the same as that on the aimature of a syn- 




chronous motor. The liukl structure is built up of disks 
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with teeth on their inner circumference, which form slots 
when the core is assembled. The coils are placed in these 
slots, forming a winding hke that on the surface of a poly- 
phase armature. Distributed windings are usually employed ; 
that is, there is generally more than one coil per pole per 
phase, and the winding when completed resembles very 
much the evenly distributed arrangement of coils on a con- 
tinuous-current armature. Fig. 38 shows a finished field 
for'an induction motor. The coils are seen at a, a distrib- 
uted evenly around the inner circumference. 

78. The action of the out-of-phase currents in produ- 
cing a changing field will be understood by taking the case 




of a simple two-phase field, as shown In Fig. 39. In order to 
make the action clearer, we will suppose that the coils are 
wound on projecting poles instead of being sunk in slots. 
*'. IV.—m 
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The field F composed of laminations has eight polar projec- 
tionsy four poles for each phase. Each projection is wound 
with a coil, and alternate coils belong to the same phase^ the 
winding constituting phase 1 being shown full and phase f 
dotted. The winding is such that if a current is sent 
through either of the windings, the poles formed are alter- 
nately north and south ; for example, i, tf, 5, 7 would be N 
and 5, as shown. If such a field were connected to a two- 
phase alternator, currents would be induced in each of 'the 
circuits, differing in phase by 90^ and continually reversing 
in direction. The effect of this is that as the magnetism in, 
say, pole 1 dies out, it increases in pole f , and so on, thus 
producing the effect of a field continually shifting around or 
revolving. In fact, the field produced by the field coils 
shifts around in the same way that the field is made to shift 
around the armature of the alternator by its rotation in the 
field produced by the separately excited field-magnets. 
This gives, then, the effect of a fouf-pole revolving field; the 
speed at which it revolves would depend upon the frequency 
of the alternator. In this case, if the frequency were 60, 

2 X 60 
the field would make 5 = — - — = 30 rev. per sec, or 1,800 

R. P. M. The effect of the distributed winding in Fig. 38 is 
more uniform than that in the simple motor shown above, 
and causes the motor to exert a more even torque. 

79. Suppose an armature having also eight polar pro- 
jections to be placed inside the field of Fig. 39. Each of 
these projections is wound with a coil r. Fig. 40, and these 
coils form independent closed circuits, since their two termi- 
nals are united at the points d. When a current is sent 
through the field, a varying magnetic flux is set up through 
the armature coils, thus generating an E. M. F. in them. 
Since the coils form closed circuits, the induced E. M. F. 
causes currents to be set up in them, and this causes the 
armature to rotate by the reaction of these currents on the 
field. If the armature were held from turning, the coils on 
the armature would act like the secondary of an ordinary 



Ifansformer, and heavy currents would be set up in them. 
However, as the armature comes up to speed, the relative 
notion between the revolving field and armature becomes 
and the induced E. M. F.'s and currents become 
imatler, because the secondary turns do not cut as many 
; of force as before. If the armature were running 
atactly in synchronism with the field, there would be no 
nitting of lines whatever, no currents would be induced, and 
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he motor would exert no torque. Therefore, in order to 
lave any induced currents, there must be a difference in 
peed between the armature and the revolving field, and the 
Teater the current and consequent torque or effort, the 
reater must be this difference. When the load is very light, 
s motor runs almost exactly in synchronism, but the speed 
rops off as the load is increased. This difference between 
lie speed of the armature and that of the field for any given 
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load is called the ulip. The slip in well-designed motors 
does not require to be very great, because the armatures are 
made of such low resistance that a small secondary E. M. F. 
causes the necessary current to flow. In well-designed 
machines it varies from 2 to 5fl of the synchronous speed, 
depending upon the size. A 20-H. P. motor at full load might 
drop about 5^ in speed, while a 75-H. P. motor might fall off 
about 2(^. For example, if an 8-pole motor were supplied 
with current at a frequency of 60, its field would revolve 
^ = 15 rev. per sec, or 900 R. P. M., and its no-load speed 
would be very nearly 900. At full load the slip might be 
5^, so that the speed would then be 855 R. P. M. It is thus 
seen that as far as speed regulation goes, induction motors 
are fully equal to direct-current shunt machines. 

That member of an induction motor to which the working 
current is led and in which the rotating field is produced is 
by some writers called the field, irrespective of its use as a 
stationary or rotating member of the motor. In single- 
phase induction motors, the field is invariably the stationary 
member, or, as it is sometimes called, jthe stator. In regard 
to polyphase induction motors, we have thus far considered 
only that type in which the rotating field is produced in the 
stationary member. In another type, in which the armature 
is wound similarly to that of a polyphase alternator, current 
is delivered to the winding by means of collector rings. In 
this type of machine, the relation between the rotating field 
produced in the armature and the consequent direction of 
rotation differs somewhat from that in the type heretofore 
considered, in which the rotating field is produced in the 
stator. In the second type of machine just mentioned, the 
rotating member is sometimes referred to as the ficld^ for 
the reason that the rotating field is produced in it. To 
avoid confusion in the application of the terms field and 
artnaturt\ it is sometimes well to refer to the rotating mem- 
ber as the rotor and the stationary member as the stator ^ as 
mentioned before. In a polyphase induction motor, the 
winding in which the rotating field is produced encloses, or 
is enclosed by, another winding, whose conductors will be 
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rut by ihc lines cif furct; <i{ llit; rututing Al-Ii!, and an K. M. F. 
will be set lip ill ihcni, and if Iheir circuit is completed, a 
'iLrrenl will flow through them. This current will react on 
the moving field, the tendency uf this reaction being /o carts^ 
llii magnetic fiiid to become stationary with respect to the 
external comiuetors. Thai is, if the rotating field is produced 
in the rotor, and the latter is held stationary and the exter- 
nul conductnrs are free to move, they will revolve in the same 
direction that the field moves; while if, in the same case, 
ihe stator is fised and the rotor is free to move, the arma- 
liire will rotate in the opposite direction to that in which 
the field moves. 

ARMATURE niMUING. 

80. A form of armature winding for polyphase induc- 
li.jn motors was described in Art. 73 and illustrated in 
Fig. 3li. In some cases, especially in the larger motors, it is 
best to have the armature winding so arranged that a 
resistance may be inserted in series with it while the motor is 
larting up, and cut out when fnll speed is attained. If this 
i-^ nut done, there will be a large rush of current at start- 
ing, because when the motor is standing still it is in the 
condition of a transformer with its secondary short-cir- 
cuited, and since the armature is stationary with regard to 
Ihe field, a fairly high E. M. F. may be induced, thus caus- 
ing a very heavy current to flow through the low-resistance 
secondary winding. This wuuld cause a large current to 
flow in the primary, and would therefore be objectionable. 
Moreover, this large secondary current reacts on the field 
produced by the primary so as to greatly weaken it, and 
results in a very small starting torque. If the armature 
were so designed us to have a fairly high resistance in itself, 
in order to limit the starting current and procure a good 
starting tortiue, the motor would be ineflficient and would 
give bad speed regulation. It is therefore best to have a 
resistance which may be placed temporarily in the circuit 
a»d then cut out. This may be done by supplying the sec- 
ondary with a regular winding similar to that of the field 
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and bringing the terminals to collector rings. By means of 
these, connection may be made to a resistanca-boz, and 
resistance cut in or out in much the same way as is done in 
starting up direct-current motors. In the General Electric 
Company's motors, the use of collector rings is avoided by 
mounting the resistance on the armature spider, and cuttinfr 
it out by a switch operated by a sliding collar on the shaft 




This enables the motor to be built without any moving con- 
tacts whatever. Fig. +1 shows one of the above motors with 
adjustable resistance in the secondary, the handle h shown 
in the figure being used to operate the sliding collar c. It also 
shows the arrangement of the parts of a motor with station- 
ary field and revolving armature. 

81. In cases where it is necessary to have induction 
motors run at variable speeds, it is usual to supply them with 
collector rings connected to an adjustable rheostat, a method 
often used where such motors are intended for operating 
hoists, etc. 
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[ The direction of rotation of the revulviny field produced 
D a polyphase induction motor can he changed by reversinff 
bne of the phase connections. 

82. Induction motors are always constructed with a 
Ddultipolar field, so as to keep down the speed of rotation, 
phe number of poles employed increases with the output, 
aid the speed is correspondingly decreased. The foliowing 
!»ble gives the relation between poles, output, and speed for 
|Dme of the standard sizes of induction motors ((10 cycle). 



Poles. 


H. P. 


Speed. 


4 


1 


1,SOO 


G 


5 


1,200 


8 


in 


1.200 


8 


10 


000 


8 


20 


900 


10 


50 


730 


12 


75 


rioo 



PHASB SPLITTING . 

83. Motors are sometimes operated from single-phase 

prcuits by splitting the phase; that is, the original single- 

laee current may be split up into other currents which are 

It of phase, and thus suitable for starting up a motor. A 

simple arrangement of this kind is shown in Fig. 43. The 

motor is supplied with two windings, which are connected 

_to the mains, one in series with a resistance A' and the 

ler in series with an inductance L. It is evident that 

le current in circuit B will lag behind that in yl, and the 

lOtor will therefore be supplied with two currents suitable 

for starting. After the motor has run up to speed, A' and 

iare usually cutout and the machine runs as a synchronous 

lOtor. A number of starting devices are in use for oper- 

,ing motors from single-phase machines; but where a 
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really satisfactory motor is required, the multiphase induc- 
tion or synchronous motors are used. The latter are especially 



liaii 





PIO. 48. 



valuable for large power-transmission plants, where lagging 
currents are objectionable. 



OUTPUT. 

84. The output of an alternating-current motor, in fact 
of any motor, steam, hydraulic, or electric, may be meas- 
ured by the method given in Art. 62. As stated in 
Art. 39, the ordinary methods of measuring the input to 
the machine can not be relied upon with alternating cur- 
rents, so that special methods are required. The efficiency 
of good alternating-current apparatus is, however, equal to 
that of similar direct-current machines, and the losses are 
distributed in about the same proportion. 

As no sparking occurs in alternating-current machinery, 
it obviously does not affect the output. Armature reac- 
tion, however, does affect it, as has been pointed out in the 
case of synchronous motors (Art. tt8). With rotary-field 
motors, if the load on the machine becomes so great as to 



DYNAMOS AND MOTORS. 



91 



quire an excessive torque, the incrcasetl current in tlie 
mature will at a wrtaiii point so weaken the field that it 
^n furnish mi increased torque, in which case the machine 
bill stop. 

I The effect of the heat generated by the current in alter- 
iBting machines is the same as in direct-current machines, 
i that the same limitations exist; that is, ihey should not 
leat to more than SU" F. above the temperature of the sur- 
vunding air. 



THE INSTALLATION AND CARE OF 
nVNAMO-ELECTRIC MACHINERY. 



INSTAt.LI!VG. 

85. Dynaino-elcctric machinery should always be located 

a. dry place, where the air is cool (see Art. 75, Part 2). 

fand where it will not be exposed to dust, especially metallic 

or mineral dust. Moisture will soon injure the insulation, 

and dust will, if metallic, often cause damage by settling in 

the winding or in the bearings. 

For dynamos or motors up to about 30 H. P. capacity. 
, good, substantial floor affords a sufficient foundation. 



■uhl be provided with brick or 
and weight depending on the 
achinesof UK) H. P. or greater 
fluid not be less than five feet 



■achines of larger size s 

e foundations, of a si; 

^e of the machine. For 

^acity, the foundations 

»cp. 

LTbe machine should be supported on a wooden subbase, 

isting on the foundation or floor, which should be about 

8 inches high. This subbase serves to insulate the frame of 

the machine from the ground, so the bolts which hold it 

down to the foundation should be so located as not to 

luch the bolts which hold the base of the motor down 

^he subbase. The subba.se should not be painted, 

I should be oiled or filled, to prevent it from absorbing 

bisture. 
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If the machine is driven by a belt and the belt passes a 
part of the frame before reaching the pulley, the static elec- 
tricity generated in the belt will sometimes pass into the 
frame of the machine, when it is liable to injure the insula- 
tion hy jumping through it to the winding. A path for this 
static electricity to escape to the ground may be made by 
charring with a red-hot iron a fine line on the wooden sub- 
base, extending from one of the bolts which holds the sul>- 
base to the foundation to one of the bolts fastening the 
dynamo base to the subbase. A heavy pencil line drawn 
with a soft pencil will answer the same purpose. This will 
not materially affect the insulation of the machine from the 
ground, but will afford a path for the static electricity to 
escape. 

It is a good plan to place a tin drip pan about 1 inch deep 
between the base of the machine and the subbase and large 
enough to catch whatever oil may drip from the bearings, 
thereby preventing it from soaking into the floor. 

86. The foundation should be located with respect to 
the driving pulley or shaft, so that the length of the belt 

used should not be too small nor too great. Fifteen to 
twenty feet between centers is about right, unless the dri- 
ving pulley is more than about six times the diameter of the 
driven, in which case longer belts should be used, so as to 
get sufficient arc of contact on the driven pulley to drive it 
without making the belt too tight. 

Belted machines of the smaller sizes (less than 150 H-. P. 
capacity) are usually provided with a sliding bed-plate with 
guides or rails on which the machine slides, it being moved 
backwards or forwards by screws operated by levers or 
hand-wheels. (See Figs, hi and 53, Part 2.) The machine 
is not, then, bolted directly to the subbase, but may be 
fastened down on the bed-plate which is bolted to the 
subbase. 

If a new belt is to be used, its length should be calculated 
for that position of the pulleys when they are nearest 
toiTctlier. Then, as the belt stretches with use and becomes 
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trie, tlie machine may Ik; siki along the guides, and the 

r tension ni the belt maintained. 

; width of bell necessary to transmit the power to or 
1 the machine may he calculated by the rules given in 
previous articles. It will usually be found that the pulley 
furnished with the machine is about 1 inch wider than the 
belt required. For machines of between 10 and 50 H. P. 
capacity, the belting used should be that known as /i^/// 
double or dynamo belting, which should be of about J the 
width of a single belt to transmit the same power. Dynamo 

td motr>r belts should have cemented or riveted joints, 
insure smooth running. Laced belts should not be 
:d. 

The size of the pulley on the engine or shaft to which the 
machine (dynamo or motor) is belled may be calculated from 
the size of the pulley and its number of revolutions, using 



formula A' : 



(in^ 
D' 



To the calculated 



of the drivi 



should be added 2^, to allow for the slip of the belt. The 
^Utcf of the pulley on the machine should not be altered, except 
^By the advice of the makers or their representatives. 

^^K S7. In the following articles upon the setting up and 
^Hb< testing of machines, only direct-current constant-poten- 
^Bial dynamos will be considered. Other classes of machines 
will be taken up later. On setting up a new machine, the 
foundation and subbase should first be prepared, then the 
bed-plate set in position on the subbase, but not fastened. 
The machine should then be very carefully unpacked and 
set in position on the sliding base. Small machines, up to 
JO or 15 H. P. capacity, are usually packed in a box, with 
the armature and field coils in position and connections 
made, so it is only necessary to take them out of the box and 
s et them upon the bed-plate. 

;hines from 15 to about 50 H. P. capacity usually have 
B armature removed and packed separately, the field coils 
ing left on the frame, which is boxed. Still larger ma- 
llnes usually have the armature, field coils, connection 
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boards, rocker-arm, etc., removed and packed separately, 
and the frame skidded. 

When this is done, the bearings, joints in the magnetic 
circuit, and similar bright surfaces are slushed with grease 
or painted with thick white-lead paint ; this should be cleaned 
off, using benzine or kerosene oil for the grease and tur- 
pentine for the paint. Joints in the magnetic circuit should 
be wiped off with a cloth, not with waste, for the latter will 
catch on the tiny points on the surface of the iron, and will 
prevent the two surfaces from coming tightly together. 

Most machines of the larger sizes are now made multi- 
polar, and the top part of the magnetic circuit may be 
removed, down to the center line of the shaft, to allow of 
removing and replacing the armature. Others have the 
magnetic circuit solid, but the standards are made remov- 
able, so that the armature may be slipped out endways. If 
there is little headroom, it is desirable that the machines 
have both the upper part of the magnetic circuit and 
the standards removable, so that the armature needs to be 
lifted only 2 or 3 inches, instead of more than half its diam- 
eter, as would be the case with standards cast solid with the 
base. 

88. After cleaning up the bearings and joints, the lower 
half of the machine should be set up in position on the bed- 
plate, and the field coils and the pole-pieces (if removable) 
placed in position, care being taken to get the field coils on 
in the right order and position^ so that they will connect 
together properly. 

If the bearings are self -oiling^ the cavity in the standard 
which contains the oil should be examined to see if all the 
sand from the mold in which it was cast has been removed. 
If this has not been done, it should be blown out with a hand 
bellows, or, better, with a jet of live steam from the boilers, 
if that is obtainable. The caps for the standards should be 
examined and cleaned in the same manner. The bearinijs 
should then be wiped out, cloth being preferable to waste 
for this purpose also. 
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I After this has been done, the armature should be luoked 
prer to see if the winding and commiitatur art; uninjured, 
pd all dirt or sawdust should be brushed or blown uut of 
! spaces between the coils, etc. : it should then be placed 
1 i>osition in the bearings, 

L 89. As it is very important not to bump the armature 
K^inst the projecting corners of the machine in putting it 

k place, it should not be lifted in by " main strength," if so 
avy that two men can not handle it readily, but a crane 

r other hoisting mechanism should be used. 
I To lift the armature, a rope sling should be used, which 

lould be looped around the ends of the armature shaft, 
fever around the commutator. To this sling, the hook of 
Be tackle, or chain block, may be fastened, and to prevent 
: sling from bearing against and possibly injuring the 
Lrmature winding or the commutator, a piece of board, 

jDtched at the ends, should be placed between the two parts 

( the sling. 
I This is represented in Fig. 43, B being the notched piece 

r board and S the sling. The sling should be crossed in 

; hook, as represented, for otherwise it is very liable to 

lip and drop the a 




I A single chain block, or tackle, is not desirable to use in 

ptndiing a heavy armature, as, either in raising or lower- 

, the armature must be swung out to one side, which is 

fcry inconvenient, and the armature is liable to swing 
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around unexpectedly and damage itself by bumping against 
the frame. If an overhead traveler is not at hand to attach 
the Uckle to, two Uckles should be used» one hung directly 
over the center of the machine, and the other directly over 
the nearest point on the floor to which the armature can be 
brought. 

The armature may then be lifted by this latter taickle 
until high enough to clear the frame of the machine, when 
the other tackle may be hooked on, and by slacking off on 
the one and hauling in on the other, the armature may be 
lowered directly into place. In this way, two men can 
easily handle a heavy armature. 

The top part of the magnetic circuit or other heavy parts 
of the machine may be put in place in the same manner. 

If the armature winding is on the surface of the core, it 
should not be rested directly on the floor, but on a pad of 
waste or rags, or the end of the shaft should be supported 
on a couple of wooden horses. If the armature is of the 
*' ironclad" type, in which the winding is embedded in 
slots cut in the periphery of the core, this precaution is not 
necessary. In either case, the armature should always be 
lifted by means of the shaft. 

After placing the top part of the magnetic circuit with its 
pole-pieces and field cores in position and setting up the 
bolts or screws which hold it in place, the bearings should 
be filled with oil and the armature turned over a few times 
by hand to make sure that it does not touch the pole-pieces 
at any point and that the shaft runs easily and true; if it 
binds at any particular point of a revolution, the shaft may 
have been sprung in transit, and it should not be run in that 
condition. The armature shaft should have an end play of 
from i to ^ an inch, except in those machines in which the 
pole-pieces face the end surface of the armature, like the 
Brush constant-current machine. This end play allows of a 
slight end moticm of the armature as it runs, which makes 
the wear on the commutator and bearings more uniform, 
and prevents the shaft from sticking by any slight endwise 
expansion it may undergo. 
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ESTING, AND LOCATING AND MEMEDYING 
FAULTS. 

SO. If everything appears to be all right, the piiiley 
should then he put on and the machine carefully lined up 
ih the shaft and pulley to which it is to be belted, and 
e bed-plate fastened permanently to the subbase. Then 
ic belt should be put on and the machine run without 
id and with no field excitation for two or three hours, if 
sible. to make sure that the bearings and oiling arrange- 
in working order. 
If the bearings begin to heat badly, the oil in the bear- 
igs should be examined to see if it is gritty, and If so, it 
lould be drawn oif and fresh oil substituted. Oii/jy the best 
Wades ef light mineral oil should be used ; any cheaper oil 
its more in the end. If the bearings still heat, they 
lould be taken out and examined for rough spots, and if 
icessary, scraped. 

If taken in time, the corresponding roughness of the 
lurnal may be removed in the following manner: Take a 
of crocus cloth of a width equal to the length of the 
lurnal, wet it with oil, and wrap it around the journal; 
then take a turn around the journal with a piece of cloth 
[ape or strip of cloth, take one end of the strip in each 
band, and by alternately pulling on each end rotate the 
piece of crocus cloth around the journal, which will effect- 
ually polish it and remove all slightly rough spots. If the 
ihaft has been bruised or dented, the high spots should be 
icarcfully brought down with a fine file before polishing with 
le crocus cloth. 

If self-oiling bearings are used, they should be examined 
to see if the rings turn freely; if they show a tendency to 
hug the sides of the slots in the bearings, and turn very 
slowly, or not at all, they should be bent a trifle, so that all 
parts of the ring do not lie in the same plane, and so that as 
they turn they will run from side to side of the slots in the 
l>earings. This may usually be done with a pair of heavy 
or a small wrench, without removing the bearings 
iRi the machine. It should be carefully done, and the 
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** wind " of the ring made uniform, so that it will not catch 
in the slots at any point. 

If a new belt is used and it has been made of the proper 
lengthy it will usually be tight enough to cause the bearings 
to get hot at first, but in half an hour or so it will stretch 
sufficiently to relieve the pressure, and the bearings should 
cool off. Large belts that are made endless by the manu- 
facturers are usually stretched by them, in which case they 
should be put on without quite as much tension as aa 
unstretched belt. (See Art. 86«) 

91. If the machine runs all right, it should then be 
prepared for a run under load. Before stopping the machine, 
the commutator should be examined for high or low bars or 
rough spots, by touching it lightly with the finger nail or 
the end of a lead-pencil all along its length, as it turns, 
which will show if the above defects exist. Rough spots 
can be removed with sandpaper {never emery-paper or 
cloth) folded around a bit of board and pressed evenly on 
the commutator as it turns. High or low bars, or ** flats," 
can only be removed by turning the commutator down to a 
uniform diameter, using for this purpose a sharp V-pointed 
tool, a fine feed, and a high speed, finishing with fine (OorOO) 
sandpaper or a smooth file. 

After the commutator has been turned up, it should be care- 
fully gone over to see that the tool has not left chips that have 
become embedded in the insulation between the bars. If 
any such exist, they should be carefully picked out and all 
copper dust wiped or blown off the commutator and arma- 
ture. 

The yc^ke and brush holders should then be placed in 
position, and the brushes, if not of the radial type, carefully 
adjusted, so that they bear on the commutator the proper 
distance apart. This may be done by counting the com- 
mutator seji^ments, and dividing their number by the num- 
ber of poles, the result being the number of segments which 
should lie between the tips of successive sets of brushes. 
Some multipolar machines use only two sets of brushes, but 
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the fraction of Ihe circu inference of the commutator that 
scjiarales the two is indicated by the rocker-arm. 

It is often convenient to make marlis by means of a prick 
jiiiich on the end of the commutator shell, which will indi- 
.ilu ihe segments on which ihe various sets of brushes 
w.'uid rest when the proper distance apart. These refer- 
ence marks will serve to relocate the brushes at any time, 

Tiic brushes should hear evenly on the commutator 
ihroughout their whole end surface. Metallic brushes are 
usually flexible enough to take care of this point, but carbon 
brushes should be fitted to the commutator surface. This 
may readily be done by putting them in position in the 
hrtish holders, and dragging a sheet of medium-fine sand- 
i'.i[»cr back and forth between the brushes and the commu- 
tator, keeping the pa|>er side of the sandpaper down on the 
commutator; this will grind the ends of the brushes down 
to the same curve as that of the commntalur. 

The tension used on the brushes should he uniform — light 
with metallic and heavier with carbon brushes. 

Machines wliich are shipped with the connections broken 
.ire usually accompanied with a diagram showing the proper 
inelhod of connecting them up; if this is not the case, some 
one perfectly familiar with the apparatus should make the 
cimneciions. In any case, the connections should be care- 
fully looked over to see if they are all right, and all screws, 
binding-[H)sts, and other connections fastened firmly. 



yZ. The machine should then be run up to its proper 
speed, the brushes placed in the approximate neutral posi- 
tion, the shunt-field circuit closed, and the resistance 
gradually cut out, If everything is all right, the machine 
will build up to its proper voltage (see Art. 37, Part 2); 
but if this does not occur, the trouble may be looked for as 
iipHows: Attach a voltmeter to the brushes, with the field 
. jrcult open ; the voltmeter should show a slight deflection, 
line to the E, M, F. generated by the residual magnetism. 
Then cl<ise llie field circuit, and if the voltmeter needle 
goes back towards zero, it shows that the mrrtnt si/tl arountl 
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//((' fititi coils by the E. M. F. dut- la the tisiiiual m!ti;H((ism 
ffiii/s to magnetise the fields in the ep[ip$itc direction, su that 
the few lines of force of the residual magaetism arc oppowd 
and destrnyed, and the tnacliine can nut liiiild ii|). 

IE this seems to be the case, rock the brushes ahead or 
back until any oiiu set occupies tha position formerly occu- 
pied by its neighbor. Then close the field circuit again, 
and if this is the only trouble, the machine will build iiji. 
If it does, and this position of the brushes is inconvenient 
fi)r any reason, they may be put back in their former posi- 
tion and the connections of the shunt fields reversed. 

If the machine still dues not build up, it may be due lo 
the absence of any residual magnetism, in which case the 
current from a few cells of battery or another dynamo 
sent through the coils will establish a sufKcicnt amount to 
enable the machine to build up. The presence (or absence) 
of residual magnetism may be shown by a voltmeter, as 
described above. 

If this is not the trouble, the field circuit may be broken 
somewhere. Examination of the connections between the 
various coils wilt show if they are defective or loose; quite 
frequently the wire in the leads from the spools becomes 
broken at the point where they leave the spool, while the 
insulation remains intact, so that the break does not show. 
This may be readily detected by " wiggling " the leads. 

If the break is inside the winding of one of the coils, it 
can only be detected by testing out each coil separately 
to see if its circuit is complete. This may be done with a 
Wheatstone bridge (Art. 53, Part 1) or with a few cells of 
battery and a galvanometer. A low-reading Weston volt- 
meter makes a good galvanometer to use for this purpose. 

If the current from another dynamo can be obtained, the 
faulty spool may be detected by connecting the terminals of 
the field circuit to the terminals of the circuit of the other 
machine; no current will flow through if the circuit is 
broken, but if a vollineter is connected across each single 
field coil in succession, it will show }to deflection if the coil is 
continuous, because both poles of the voltmeter will be 
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icledlolhe s<jme sifli;nf the ilynamo cirniit. IE the 

Ml has a break in it, one of its terminals will he connected 

c side of the circuit and tlie other, to the other side, so 

a voUineter connected between these terminals wndd 

the full E. M, F. of that circuit. Consequently, when 

pc voltmeter is connected across a spool and shows a on- 

lerable deflection, that spool has an open circuit which 

bust be repaired before the dynamo can operate. 




I 93. This method of testing is represented by the ilia 

•am. Fig. 4-1: 1. 2, 3, and Jf represent the field coils of j 

tpoic dynamo, there be- 

Bg a break in coil 2 at B. 

! terminals a and e of I 

pie field winding are con- 

iecled to the + and — 

ESrminals of a "live"cir- 

; that is, a circuit con- 

'nected to a dynamo in 

operation. It will be seen 

that terminals a and b 

Dil 1 are both connected 

■ the + side of the circuit, 

■d as there is no current 

Bwing through the field fio.«. 

Tuit, there is no difference of potential between a and b', 

terefure a voltmeter connected to a and b, as at (-', will 

low no deflection. But terminal c of coil 2 is connected to 

- side of circuit, so a voltmeter connected to b and c, as 

t K,, will show a deflection, and in fact will indicate the 

ence of potential between ii and e. 
The above test may be roughly made with a bit of wire 
long enough to span from terminal to terminal of a coil. If 
one end of the wire is touched on a, for instance, and the 
iither on b, it will not affect the circuit any; hut if touched 
\M the terminals of the coil in which the break is located, 
i field circuit will lie completed through the bit of wire. 
d a spark will occur when the wire is taken away. The 
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wire should not be allowed to span more than one coil at a 
time, otherwise it may short-circuit so much of the field 
winding that too great a current would flow. 

94. If the machine builds up to about half its normal 
voltage or less, and refuses to come up higher when all the 
external resistance is cut out of the field circuit, the trouble 
may be due to too low speed, which may be easily tested by 
counting the number of revolutions made by the machine. 
If this is not the fault, the brushes should be rocked back 
and forth, and if the voltage increases with a motion of the 
brushes in either direction, this motion should be continued 
until the voltage will not increase further, in which case the 
brushes are probably in the proper neutral plane. 

If the voltage is still considerably too low, it is probable 
that one of the field coils is wrongly connected, so that the 
fields are not all of the proper polarity. This can be tested 
with a small compass, and if one field is found to be of the 
wrong polarity, the connection of its coil should be reversed, 
in which case the machine will probably build up properly, 
unless there is some serious defect in its construction. 

When the machine has built up to its proper voltage, and 
the brushes have been adjusted to the non-sparking posi- 
tion, the armature should be examined iov s/iort ciniiits. 
These ocuMir when the ends of one of the coils form acci- 
dental contact with each other, or when two neighborinj^^ 
wires touch each other; the elTect in either case is to form a 
closed circuit of one or more active conductors, which circuit, 
beini;' of low resistance, has an excessive current generated 
in it, (^ausing it to heat badly, and finally destroying its 
insulation. 

This fault may be detected by holding a nail, screw- 
driver, or other small piece of iron over the surface of the 
armature- between the poles. The tiuctuations in the cur- 
riMit llowini;' in tlic short-circuited coil, as it passes from one 
pole to another, set up corresponding fluctuations in the 
stray field Ix'twccii ihe pole-pieces, so that the piece of iron 
held in this stray lield will be vibrated quite strongly. Care 
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luld be taken tiut lo allow the bit of iron to be pulled into 
ftfae armature by the attraction, as that would probably 
Hesiruy the winding. 

yS. Armatures in whirh the winding is embedded in 
plots cut in the periphery of the core will sometimes cause a 
of iron held between the poles to vibrate, especially if 
iic slots are comparatively few in number; but this action 
bs readily distinguished from that due to a short- 
■circuited coil, as the vibrations due to the teeth on the 
armature occur several times in a revolution, while those 
due to the short-circuited coil occur only once in a revohi- 
The difference in the rate of the vibration may be 
asily distinguished. 

If a short-circuited coil appears to exist, the machine 
itiould be run for some time (with no external load), per- 
laps ten minutes, and then shut down. By feeling all the 
rmaturc coils in succession on the back end of the arma- 
ire, the defective coil may be readily picked out by its 
cing much hotter than the others. It should then be 
tarked in some way and the armature taken out and the 
Soil rewound or the short circuit otherwise removed, 

86. If the armature shows no short circuit, it should be 
un under load for some time before being put regularly in 
ommission. It is usually not desirable to connect it for 
Ijis lest In the circuit which it is to supply with current. 
ince the load can not be readily controlled. It is better 

I provide an artificial load for the machine which may 

s readily controlled, so that any desired load may be 
btaincd. 

With small machines of the proper voltage, this arlilicial 
Dad may be made by using a lamp bank; that is, a nuni- 

ir of incandescent lamps arranged so that few or many 

lay be connected in circuit by manipulating the necessary 
iritches. 

With larger machines, especially of the higher voltages 
l3Uor5U0 vulls). tliis method is notsoconveniLMitasa water 
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rtaeostatt which consists of a wooden tank filled with salted 
water, in which are hung two iron (or other metal) plates, 
that are attached to the terminals of the dynamo. The cir- 
cuit is thus completed through the water between the plates, 
and by varying the distance between the plates, the resist- 
ance of the external circuit can be adjusted between wide 
limits. 

An old oil barrel makes a good tank if the dynamo to be 
tested has an output of not more than about 15 kilowatts. 
If a greater amount of energy must be disposed of, the sur- 
face and the amount of the water must be greater than a 
barrel will afford, and a tank should be made for the pur- 
[wse, especially if several machines are to be tested. Fig. 45 
illustrates a form of water rheostat, in which T is the 




wondrn lank, wliirli shout.l he about 7 feet lonj,' ;nul abuut 
■;i iwx sqn.ii-c. insi<h- nii-asun-mcrUs. mMV: of 11-inch or 

sh.iukl be l.-a.h-d lu make lh<-m li^;ht, thcwliole being held 
loiivilK-r by cpiss-lmlis, as n-|>i-(-sfnic<l in the figure. 

Twn iiMii |-,»|s A', A' arc |.laccd aiToss the top of the 
lank, and l<. th.-m lb.- U-rminals nf ih.- dynamo circuit ar^ 
aiia.bcd, as n|,irs,.ni.d al \\\ II'. Fn.ni these rods two 
irnii plairs /'. /'arc huiiL;, wliiih sh.'uld have about ilj or 
1 s.]iiatv f,Ti ..( Micfac- {,>n on,- siilr) below tile water-k'vcl. 
Th.-^c i.lalrsiuay U- nia.l.- of a ■mui.Ii- ..f j.icces of old hoiicr- 
plalc ..r luavy ( |-inrh ..,■ ihickci ) sheet iron, cut with two 



projecting lugs on the top, which are bent into huoks by 
which the jilates are hung from the rods A', A'. Cast iron will 
do equally well; two old ash-pit doors, for example, will 
make very good plates, the rods being passed through the 
holes for the hinge pins. 

When ready for use, the tank should be filled with water, 

md from 5 to 20 pounds of rock salt or washing-soda added 
to rfduce the resistance to the required figure, as water alone 
■would give altogether too high a resistance. The resistance 
should be made such that when the two plates are at opposite 
ends of the tank, about |V the normal current of the gen- 
erator will flow when the circuit is closed. An ammeter 
should be connected in circuit with the rheostat, of a 
capacity sufficient to measure the full-toad current of the 
niachine. 

When all preparations are completed, connections firmly 
made, and the plates at opiwsite ends of the tank, the exter- 
nal circuit should be closed and the plates moved closer 
together, until the current is about one-quarter the full-load 
current of the machine. The machine should then be 

ixamined for further faults, which will generally be indi- 

ated by sparking at the brushes. 

97. If the brushes spark badly, they should be shifted 
Itackwards and forwards a little, and the position of least 
sparking found. If they arc loo far back, the spark will 
occur at the forward tips of the brushes, and will generally, 
especially with copper brushes, be short, bluish in color, and 
lonflned to one or two (joints along the row of brushes in 
Uch set. If too far forwards, the spark will appear to come 
torn niidir the brush, will generally he more yellowish in 
lolor, and will occur all along the rows of brushes. 

Even when in the best position, the sparking will not 
mtircly disappear, for by looking carefully under the brushes, 
I liny twinkling spark will be seen, which, however, does no 
Umagc. 

If there is an intermittent sharp flash at the brushes, 
jccurring at each bru.sh unte in a revolution, it is probably 
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(liiu lu ati open circuit in the armature winding, which 
USUiilly occurs in the leads from the armature coils to the 
commutator segments. The break may be located by run- 
ning the armature and allowing it to flash for half a minute 
or so, when it will be found that one, perhaps two, commu- 
tator bars are noticeably burned, the burn extending from 
the _/('rzf rtr./ edge of the bar (in the direction of rotation) 
back half its width or more. The armature head should 
then be removed and the lead from the winding to the 
burned bar examined. 

If the lead is only disconnected from the bar by having 
become unsoldered or by the wire slipping out from under 
the screw which holds it, the fault may be quickly repaired. 
If it is necessary to resolder the connection, care should be 
taken that particles of the solder do not fall on the back of 
the commutator in such a way as to connect two bars or two 
leads together, or to connect a commutator bar with the 
shell. Acid should not be used in soldering these connec- 
tions, since the acid will corrode the joint and finally cause 
a break; the surfaces should be scraped bright and resin 
used as a flux. Resin dissolved in alcohol makes a very 
convenient flux for this kind of work. 

If the break is such that it can not be readily repaired, 
and there is not time to put in a new connecting wire, the 
machine may be temporarily used by connecting the burned 
bar with either of the adjacent bars by a drop of solder, or 
by hammering lightly on the cud of the bars until the space 
between the two isbridgeil over by the soft metal. T/iis s/iould 
ncrer be done if possible to repair the broken connection, but 
will sometimes be necessary in case of an emergency. Wheo 
the break is repaired, which should be as soon as possible, 
the connection between the bars must be removed. 

When the break is in the connection between the winding 
and the commutator bars, the continuity of the winding is 
not usually disturbed, since the leads to the commutator do 
not usually form a part of the winding. In case the break 
is in the coil itself, the expedient described above can not be 
used without affecting the capacity of the machine, and the 



1 30 



DYNAMOS AND MOTORS. 



107 



J>reak must be located nnd repaired, Mhlch will usually 
require ihc rewinding i>f the broken coil. 

A high bar or a "flat," and sometimes a badly short-cir- 
cuited cull, will cause a flashing similar to that due to an 
■open circuit, but these shonld have been looked for and 
■emedied before, as described in Arts, 81 and 94. If none 
■jDf the above troubles develop, the load on the machine 
uld be gradually increased by moving the plates of the 
Israter rheostat closer together, until the current is as great 
B the rated capacity of the machine will allow. 



i 



9S. If the dynamo is compound wound, the voltmeter 
;houtd be watched as the load is increased, to see if the com- 
pounding is of the correct amount. If the voltage falls off 
rapidly as the load is increased, the series coils are probably 
connected wrongly, and their connection should be reversed, 
he voltage should remain constant or slightly 
[increase as the load increases, without changing the resist- 
ance in ihe shunt-field circuit. 

The brushes should be carefully shifted as the load 
increases, if nutessary to prevent sparking, and the posi- 
tion of the brushes at the different loads noted. If the 
machine is to be used under a suddenly variable load, the 
shifting of the brushes should be -slight, and in fact there 
should be a position of the brushes where the sparking will 
nothing at medium loads, and not serious at either full 
d or no load, and they should be kept in this position at 
I times. 



89, In multipolar machines with 

[there are poles, the sparking between 

[Oay become violent as the li 

nn quietly. This may be due to a 



many brushes as 

; pair of brushes 

hile the others 

adjustment of 



; brushes, which may be readily detected and remedied; 

Hit if this is not the trouble, the series coil (in corapound- 
Iround machines) of that pole-piece between the two sets of 
■rushes may be short-circuited or wrongly connected. This 

wy be detcclcd by trying the strength <■( that pole-piece 
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ifl or a bolt-head, and the other in a terminal 
I iHt Li. be tested, through a voltmeter, as represented 



n sho> 
jut equ 
leration, □ 




C, represent the terminals of a "live " circuit, 
have a difference of potential between ihcm 
o the E. M. F. of the machine when it is in 
It also not greater than the capacity of the voli- 
meter will allow of measur- 
ing, 7"and 7", represent the 
terminals of the dj'namo, as 
fore, and / and /,, the ter- 
inals o( the field coils, 
lich have been dtstnn- 
cted from each other and 
im the dynamo terminals, 
le terminal C of the cir- 
it is connected to llic 
»me of the machine; the 
her terminal C^ of the cir- 
^*°'*''- lit is connected through 

the voltmeter F to the terminal r, of the field coil. If that 
■coil is grounded, the voltmeter will show a deflection ahoiii 
equal to the E. M. F. of the circuit C C„ but if the insula- 
tion is intact, it will show little or no deflection. The wire 
connecting the voltmeter with the terminal /, may be con- 
nected in .succession to the terminal of the other coil, ot 
coils, and to the commutator ; any grounded cull of the field 
or armature winding will be shown up by a considerable 
deflection of the voltmeter needle. 

102. If the machine tests out clear of grounds, it should 
be shut down after the proper length of time and the various 
parts of the machine felt over to locate any excessive heat- 
ing. If accurate results are wanted, thermometers should 
be used, by placing the bulb rm the various parts (armature, 
field coils, etc.) and covering with a wad of waste or rags. 
They should be looked at from time to time, until it is seen 
thai the mercury no lunger rises, when the point to which it 
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has risen should be noted. A thernnniifier hmig on the 
Willi of the room will give ihe temperature of the air, and 
ilie difference between the air temperature and that of the 
various parts of the machine should not exceed the pre- 
scrilwd limit. (See Art. 75, Part 2.) 

When the dynamo has been found or made to be in good 
condition, it may be connected to the circuit which it is to 
supply and put in commission. The oil used in the bearings 
during ihe preliminary runs should be drawn off and a fresh 
li't substituted. All connection to ttie dynamo and to the 
switchbi>ard terminals should be made firm and tight: sur- 
faces in contact should be made bright and clean before 
fastening together. , 

DIRECT-CUttttENT MOTOHS. ' 

I03. In setting up direct-current motors, the same 
n-marks a]»ply that have been made concerning the location 
•iiid ;isserabling of dynamos. After having set Up the motor 
and made the necessary connections to the circuit which Is 
to supply it with power, it should be tested and run without 
its load, to develop any faults which may exist. 

After making sure that the connections are such that 
when the main switch is closed or the arm of the starting 
1"'X turned on to the first contact, the field circuit is closed 
xiparatcly and before the armature circuit (if it is a shunt 
motor), the current should be turned on to the field circuit, 
and Ihe pole-pieces tested for magnetism with a bit of iron 
(a screw-driver or a nail). If they are not magnetized, and 
the circuit to which they are connected is surely "alive" 
(which may be tested with a voltmeter, lamps, or, if the 
E. M. F. of the circuit is not more than 125 volts, by lightly 
touching the terminals of the circuit with the thumb and 
finger of one hand), the field circuit is probably open, and 
the break should be located by the methods described in 
Arts. 92 and 93. It is sometimes the case that in the 
jjirting bo.-c in which the movement of the contact . 
closes the field circuit and then the armatureJ 
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circuit, that iL partii:li! of dirt will prevent the field-circuit 
contact from lieing made. 

If the fields show that ihey are magnetized, then polarity 
should be tested with a compass, and if any one is wrong, 
its field coil should be reversed. When the fields are found 
to be of the proper polarity (with respect to each other), the 
armature circuit should be completed through the resistanir 
or starting box, with the belt or other connection to the load 
removed, if possible. 

If the motor refuses to start when the current is turned 
on, it should at once be examined to see if this is due In the 
shaft sticking in the bearings or to some similar cause 
which binds the armature fast. If this is not the case ami 
the armature turns freely by hand, the armature circuit 
may be open in the armature, in the connections, or in the 
starting box. If the current is actually passing through 
the armature, which can be shown by lifting the brushes on 
one side, a slight spark showing the presence of the current. 
the brushes may be in the wrong position. They should be 
shifted backwards or forwards, when the motor will start if j 
this is the trouble. If the fields are not magnetized, Ihf 
motor will not start, except with an excessive current; this 
point, however, should have been previously looked into. 

If the motor starts off all right, the armature should thcu 
be examined for short circuits, open circuits, defective com- 
mutator, etc., in the same manner as has been described for 
dynamos, and these faults, if they exist, remedied. When 
this has been done, the load should be put on the machine, 
and its performance carefully watched for an hour or so, 
to see that no defects develop themselves. 

If the installation is large enough to warrant it, the tem- 
perature should be taken at the end of the run, providing 
the conditions are such that the motor has been subjected 
to as much load during the run as it is liable to get. If this 
is not the case, it is often desirable to make a test of its 
efificiency and behavior (as to sparking, etc.) under full 
load, using for the load a Prony brake, as described in 
Art. 63. 
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CAHE OP lllMIi:CT-C(JMKENT MACHINl^RV. 

104. The most cssenlial feature in caring for dynamo 

Vmnchinery is clean II netts. The machine should be kept 

horoiighly cleaned, and oil should never be allowed to 

Kuccumiilate on either the armature or the field windings, as 

will gnulually aflfecL the insulation. 

Whenever the commutator is polished off with sandpaper, 

E fine copper dust should be wiped or blown off from the 

iDacbinc, cs|x;cially from any part nf the winding. 

The commutator should not be kept bright; it is in its 

t cnnditii>n when covered with a brownish glaze. This 

tondition can be arrived at by carefully turning up the cora- 

nutalor, adjusting the brushes until there is little or no 

rking, and then wiping the commutator off at frequent 

intervals with a cloth just moistened wilh oil or vaseline. 

KTastc should not be used for wiping off the commutator, as its 

lircads are liable to liecome caught in the brushes. A soft 

jinc stick makes a very good burnisher for a commutator. 

A convenient tool for wiping off the commutator may be 

: from a strip of heavy canvas, 3 or 4 inches wiiie and 

lerbaps 18 inches long. Spread a thin layer of vaseline 

tie side of the cloth, roll it up like a jelly cake, and 

astcn the end by sewing or wrapping the roll with string, 

: end of this roll applied to the c<uumutator will wipe it 

I and grease it to just about the right extent, and as the 

ind becomes frayed or dirty, it can be trimmed off. 

Too much oil or grease will cause the brushes to flash, 
tong yellow sparks being thrown out from under the brush; 
I each point where a spark appears, a black ring will form 
uround the commutator, which should be wiped off. 

]05> Carbon brushes should not be used on machines 
r 10 or 15 H. P. capacity if of low voltage, i. e., 125 
nr less, as their high resistance will cause heating. 
wing to the large currents required. In any case they 
loitld be carefully fitted to the commutator and examined 
"om time to lime to sec that the bearing surface (of the 
^ush on the commutator) is as great as the size of the 
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brush wiil permit. When taken out after rumiing for some 
time, the end of the brush should look smooth and glossy; H 
rather rough, grayish in color, and gritty to the touch, ths 
carbon is "hard," and should be discarded. 

It often improves a carbon brush to heat it to redness and 
plunge it in lubricating oil. This practice is to be reoum- 
mended, as there will then be no liability of getting too 
much oil on the commutator, and enforced inattention will 
not be the cause of a poor commutator. 

Metallic brushes are made of strips of copper, bundles of 
copper wires, or, more frequently, copper gauze folded into 
shape and stitched. Those made of strips or wires arc very 
liable to have the edges or ends of the laminEc fused 
together by sparking, forming hard points that cut the 
commutator. Whenever this occurs, they should be taken 
out and the ends trimmed off. To get them to the proper 
bevel, so that they will rest evenly on the commutator at the 
proper angle, it is customary to use a "filing jig," which 
consists of a block of steel with a hole through it the size of 
the brush, and with one end beveled off to the proper angle 
and hardened. The brush is placed in the jig with the end 
projecting a little from the beveled face, and clamped in 
position by a thumb-screw. The end of the brush may then 
be filed or ground down flush with the face of the jig, thus 
giving it the correct bevel. 

Metallic brushes should not be allowed to become filled 
with oil or dirt; if they get in this condition they may be 
readily cleaned with benzine or kerosene. If a commutator 
becomes very dirty, it may be cleaned in the same way, when 
the machine is not running. 

This is preferable to sandpapering, so long as the commu- 
tator is smooth and round; sandpapering should only be 
resorted to when the commutator is rough, and not even 
then if there is a high bar or "flat," for in that case the only 
remedy is turning down the commutator. (See Art. 81.) 

|<»6. If short circiiils or ojien circuits develop in the 
arnialiire winding after the machine is in operation, they 
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Bay be- detected and remedied in the manner described in 
Arts. 94, 97, and the following: 

In dynamos, a break in the (shunt) field circuit will simply 
cause the dynamo to cease generating, and the break may be 
f'Uiml as previously described. In shunt motors, however, 
.1 break in the field circuit will cause an excessive current to 
(low through the armature, and if the motor is not loaded, it 
will speed up excessively. 

If the motor circuit is properly protected by fuses {Art. 
GO), this excessive current will probably do no further dam- 
;igc than to blow the fuses. If not so protected, the arma- 
ture will be overheated and the insulation damaged or 
destroyed. The break in the field circuit may be found as 
previously described. (Art. 93.) 

The overheating of the insulation of an armature or field 
coil may be readily detected by the smell. 

If the coil is new and is not much overheated, the smell 
will be that of hot shellac; but if old, or if the coil is much 
overheated so as to char. the insulation, the smell is very 
I>eculiar, and once experienced will not be forgotten. It is 
something like the smell of a strong solution of soot in rain- 
water. It is usually present to some extent in machines 
which have been running a long time, especially if their nor- 
mal working temperature is high. Whenever this peculiar 
smell Incomes apparent, the electrical machinery should 
lit once be examined fur some overheated part, which may 
be a field coil, the armature winding as a whole, or a short- 
circuited coil in the armature. 

When the insulation of any part of a dynamo or motor 
h.is tiecomc badly charred, the part is said to be buriud out. 
\ burn-out requires that the part affected be replaced. 
A short-circuited armature coil will usually burn out 
ill a very short time if not attended to (see Art. 95). 
With short-circuited field coils, it is the gomi coil that 
burns out (sec Art. 99). so that in case a burn-out of one 
■ 'f the li«Id toils occurs before the trouble is located, 
the other coils should be examined for the cause of the 
trouble. 
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REPAIRS. 

107« In case of accident to parts of the machinery^ it is 
sometimes very convenient to make repairs on the spot, 
saving the time lost in sending the injured apparatus to 
the makers. 

Shunt field coils, especially of the smaller sizes, may be 
readily rewound in a lathe. In rewinding such a coil, the 
damaged wire and insulating material should be carefully 
removed, noticing while so doing just how they are disposed 
in the coil, the thickness and character of the insulating 
material at different points, especially on the heads and 
barrel of the spool, and the manner in which the leads or 

m 

terminals of the coil are attached to the winding and 
brought out. 

The size of the wire and character of its insulation (i. e., 
whether single or double, covered with cotton or silk) should 
also be carefully noted. 

When rewinding the coil, all these features of the old 
coil should be duplicated. The number of turns of wire in 
the new coil should be as nearly as possible the same as in 
the old; this may be arrived at nearly enough by weighing 
the old coil before stripping off the winding, and bringing 
the new coil up to the same weight. 

If necessary to make a joint in the wire, the ends of the 
wires should be rubbed bright with fine sandpaper, twisted 
firmly toi^ether, and soldered with a hot iron, using ofi/v 
resin as a flux. Only solder enough should be left on the 
joint to make the connection between the wires solid. The 
joint should then be covered with extra insulation, such as 
silk, cotton, or adhesive tape. All projecting ends of wire 
or drops of solder must be removed from the joint, or they 
will pierce the insulation and make contact with neighbor- 
ing wires. 

108. Armature coils require more care and expe- 
rience in rewindinj:^, so that their repair should not be 
attempted except in the case of the very simple forms 
of ring armatures, when a coil may be removed and 



placed without disturbing in the least the other coils or 
iiinections. 

If it is decided to rewind a damaged coil, thebindingwires 
lould first be removed by filing them through at some 
mint where the winding will not be injured. The number, 
le, and material of the wires in each band, and the char- 
ter and thickness of the insulation used between the 
bands and the winding should be carefully noted. 

The damaged coil should then be carefully disconnected 
rom the others and removed, noting the exact number and 
irrangemenl of the turns in the coil, the thickness, char- 
:ter, and location of whatever insulation is used, and the 
icthodof bringing out the leads of the coil and connecting 
hem to the commutator or the rest of the winding. The 
:ngth of the piece of wire removed should be measured, 
iiid a new piece, a little longer than the old, cut for the new 
>il, of the same size wire and the same kind of insulation. 
The new piece of wire should be carefully wound in place 
the old coil, duplicating it in every feature, taking great 
lins not to kink the wire or bruise its insulation in the 
iperation. It may be necessary for an inexperienced hand 
> make two or three trials before the coil is successfully 
iwound. 

When complete, the binding wires should be replaced and 
ic coil tested for grounds by the method illustrated in 
irl, lOI, before connecting it to the commutator. If free 
'ora grounds, it should be connected up, the heads on the 
rmaiure replaced, and the armature put in its frame and 
[sted for short circuits. 

In replacing binding wires, they should be subjected to a 
}nsidcrable tension, so that when they expand as the arnia- 
irc heats up, they will not become loose. They should be 
(Idered together quickly with a very hot iron, using again 
ily resin as a flus, 

KH*. Many makers balance iheir armatures by means 
: small masses of solder secured lo the binding wires. If 
lese binding wires are replaced, the armature must be 
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rebalanced in order that it may run without excessive 
vibration. 

For this purpose, two iron or steel ways should be pro- 
vided from i to f inch wide on the upper edge and 12 to 
18 inches long, depending upon the weight and size of the 
armature to be balanced. These ways should be true and 
straight, set up level, and at such a distance apart that the 
journals of the armature shaft will rest upon them. 

To balance the armature, it should be placed upon the 
ways, when it will turn over until the heavy side is beneath. 
A small weight (a piece of solder, for instance) should then 
be temporarily fixed to the upper part of the armature, 
which should then be just started in motion by the hand 
It will then settle in some new position, when another 
weight should be temporarily placed on the armature, or a 
little of the other weight removed, according to the judg- 
ment of the workman. This operation should be continued 
until the armature shows no decided tendency to remain in 
any one position, when the weights may be permanently 
fastened in place. 

The method of repairinj^ broken leads, connections, and 
the like may be readily seen from the nature of the fault. 
In any kind of a repair, the object in view should be to 
replace the defective part, so that it will be exactly as it 
was before being damaged. 



COXSTANT-CURRENT DYNAMOS. 

no. All the preceding remarks concerning constant- 
potential dynamos (except those concerning shunt field 
coils) apply equally well to constant-current dynamos of the 
closed-coil armature type, and they should be installed and 
cared for in the same manner, and are subject to the same 
faults and injuries. In addition, whatever controlling 
apparatus is used should be kept in good working order 
and well oiled, es})ecially when first started. The moving 
parts should not be allowed to get gummed up with oil and 
dust and should move freely without sticking. 
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I Machines of the open-coil type, of which there are but 
few makes, usually require special precautions in setting 
pe brushes, adjusting the controlling apparatus, etc., and 
Sieir manufacturers supply pamphlets in which these and 
cctions for otherwise adjusting and operating the ma- 
chines are clearly set forth. 

' Opcn-coil machines, when running normally, always show 
fcbluish spark from { to J inch long; but the commutators 
I designed that this spark does no harm, and in fact 
B an indication that the machine is running properly. Any 
hult in the machine is usually indicated by some change in 
9)c character uf the spark. 



ALTERNATORS. 

II. Alternators require no special directions for set- 
up, other than those given for consiani-poteniial 
jpachines. The way in which the exciter {see Art. 29) 
B lo be set up will he evident from the construction of the 
Machine. 

Alternators should be given a trial run, without load, to 
ttakc sure that the bearings are in good condition and to 
>cate short circuits and open circuits in the windings, 
circuits manifest themselves just as they do in direct- 
JDrrent machinery, and may be similarly located (Art. 94). 
Rf the armature is open-circuited, it will simply refuse to 
,ny E. M. P. Some alternators have the armature 
lividcd into two parallel circuits, and an open circuit in 
toe cif these will not affect the E. M. F. at no load. When 
C load is put on, however, the open circuit will be indicated 
f excessive heating uf the armature, excessive drop in ihe 
K>ltage, and generally by a Huctuation in the stray field 

nilar to that produced by a short circuit. 
kAn open circuit in the field winding may be easily 
fetected, since the machines ar« separately excited. The 
citcr being a constant-p^>tential direct-current machine, 
I faults or troubles may be detected as already described. 
I In setting the brushes, those on the collector rings require 



laO DYNAMOS AND MOTORS. § 80 

no particular adjustment, except to see that they bear 
evenly and firmly on the surface of the ring^. 

The brushes on the commutator should be set opposite 
one another, and at such a point that the insulation between 
two segments is under a brush at the moment that the 
armature coils are in the position of least action (see Art. 
29). It should be remembered that in the drum-wounii 
alternators, or those in which the coils are wound around 
teeth, the position of least action occurs when the coil or 
tooth is wholly under one pole-piece. See also Arts. 17 
and 30. When running under load, these brushes may 
need a slight adjustment forwards or back, as indicated by 
'the sparking. 

The operation of multiphase machines does not differ 
from that of ordinary alternators. On account of the 
simplicity of the winding and connections, alternators are, 
as a rule, less subject to electrical troubles than are direct- 
current machines; but as the voltage used is usually high, 
any accident which does occur is generally quite disastrous. 
For the same reason, cleanliness is a most important feature 
in the care of alternating-current machinery, and oil from 
the bearinjrs must be rigidly excluded from the armature 
and field windings. 



AI.TKR\ATIXG.CURRENT MOTORS. 

112. Synchronous motors are used only in the larger 
sizes, whose installation and preliminary operation are in 
the hands of cx|)erienced men who thoroughly understand 
the si)ecial features of starting and operating this class of 
machinery, and who make sure that these features are 
understood l>y the persons who are to have the machinery 
in charjj^e. The rotary-field motors, however, are being 
installed in all sizes and places, but they require no special 
directions for operation, being usually even simpler than a 
direct-current motor. 

The device for cutting out the starting resistance (see 
Art. 80) should work freely and make good and firm 
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JonUct. If at any time the motor should become over- 
loaded and stop, the current should be at once cut off and 
the machine turned over by hand with the load removed 
as far as possible, to see if the overload was due to excessive 
of the bearings; if this is the case, the trouble may 
B remedied as abeady described. 

If found to be in the machinery the motor is driving, a 
IBrt of the load should be removed and the machine started 



[ If the current is left on the machine 
overload, the field coils will beet 
ivcntually burn out. 



ifter it has stopped 
me overheated and 



BLECTRICAL MACHINr.RY IN GBTVIiRAL. 

113. As before remarked, cleanliness is the essential 
feature in operating electrical machinery successfully, and 
care in this respect will usually prevent the development of 
serious trouble. Most of these troubles manifest themselves 
by excessive heating of one or more parts of the machine; 
so if at any time more than the norma! amount of heating 
is noticed in any part of the machine, it should be at once 
examined, as already described, to discover the source and 
nature of the fault. 

Noise is usually another indication that all is not working 
well, and all rattling, pounding, or squeaking should be inves- 
tigated and the fault corrected, if possible. Carbon brushes 
which bear radially upon the commutator are the source of 
much noise, but with a glazed, smooth commutator and well- 
tilting brushes, this need not occur. A newly turned com- 
mutator will cause the brushes to "sing, "as it is never 
exactly true, owing to the "jumping " of the tool in passing 
from segment to segment in turning it down. 

To prevent unpleasant and even dangerous shocks, all 
electrical apparatus in operation should be handled with 
oat hand only ; that is, only one part of the machine should 
be touched at a lime, and then only when the surrounding 
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floor and the shoes of the operator are dry or a dry piece of 
board is used to stand upon. 

The shock of any circuit of less than 500 volts E. M. P. is 
not dangerous of itself to a person in good health, but may 
often cause one to lose his balance and fall upon or into 
moving machinery, and cause serious injury. The voltage 
of most alternators and the larger constant-current machines 
is high enough to give a fatal shock in most instances. If 
necessary to expose one's self to the liability of receiving 
such a shock, a pair of rubber gloves worn on the hands will 
afford protection ; but even then care should be exercised in 
handling the wires or in touching ** live " parts of the circuit. 

Note. — In case a person has been exposed to a shock so violent as 
to cause insensibility, he should be treated as if drowned; that is, his 
breathing should be kept up artificially, by alternately pulling and 
releasing the tongue and raising and depressing the arms, with slow, 
rhythmical motions, until a physician can take charge of the caae. 

All permanent connections around a machine should be 
kept firmly fastened, as a loose connection will frequently 
be the cause of much more serious trouble. Whenever con- 
venient, these connections should be soldered, and large 

wires and cables should be provided with brass or other metal 
tips or terminals, with which the necessary connection may 
be made. 

It is not possible to lay down a set of rules by which all 
the troubles with dynamo-electric machinery that may occur 
may he located and obviated, hut from those given, and 
from a knowledj^e of the principles under which these 
machines operate, most of the difficulties ordinarily met with 
may be overcome if good judgment and common sense are also 
used. 



SWITCHBOARDS. 

114. The switchboard is a necessary part of every 

plant. Its object is to group together at some one conve- 
nient and accessible point the necessary apparatus for con- 
trc)lling the dynamos and distribuiing the ctirrent to the 
various circuits, and the safety devices for properly protecting 
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;he lines and machinery. Tlie rmniber anci kind if these 
^pliances depend upon the cliaracter and size of the 
ilant. 

There are four general types of switchboards in use, as 
bllows: 

Switchboards for arc-lighting circuits using constant 



Switchboards for incandescent-lighting circuits using 
-■t currents at a constant potential. 

Switchboards for incandescent-ligliting circuits using 
naling currents at a constant potential. 
Switchboards for electric railroads using (ordinarily) 
Sirect currents at a constant potential. 

Switchboards of all kinds are frequently made of wood. 

^itt this is not desirable on account of the danger from fire. 

e least dangerous type of wood switchboard is iheskelelnn 

ypc, which is merely an open framework of hardwood 

nis or joists, with its members so spaced as to properly 

upport the instruments on the board. When properly built, 

Jiis form of board is safer than any other wooden board, and 

1 many places is the only type of wooden board allowed by 

ihe tire underwriters. 

Switchboards of slate, marble, or soapstone arc coming 

■ more extensive use on account of their safety and 

5)pearance. These are made up in panels or slabs of con- 

renicnt size, and from J inch to 2 inches thick, according to 

umi^tances. Being in themselves insulating material, the 

ritchcs, etc., are usually mounted directly on the face of 

Ibe board. 

When all the wiring and connections are upon the face of 

* board, it may be mounted directly on the wall of the 

>m; but If the wiring is all on the back of the board, as is 

; general custom, it should be placed at least 2 feet 

[ any wall, so as to give a space for examining and 

laktng alterations in the wiring. A dear ^pace of at least 

ihould also be left between the bottom of the board 

jid the n<^.r. 
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SWITCHBOARDS FOR ARC-LIGHTING CIRCUITS 

115. This type of board is one of the simplest. Arc- 
lighting plants usually consist of several dynamos, of which 
any one must be capable of being switched into any one of 
several circuits. This may be accomplished in a variety of 
ways, but there are two in general use. 

In the first method, the terminals of the various dynamos 
are led to a row of contacts on the bottom of the board. 
The terminals of the various circuits are led to a similar row 
(or rows) higher up on the board, and connection between 
the various members of the two rows is made with flexible 
insulated cables, provided with tips which afe so arranged 
that the connection may be readily made. 

To facilitate changing over from one circuit to another, 
the contacts are usually made doable, so that two cables may 




Fig. 48. 

be connected to the same point if desired. The form of the 
contact varies with the different manufacturers, but is usu- 
ally of the plug type; that is, the tip on the cable is in the 
form of a cylindrical brass plug, provided with a wooden or 
rubber handle, and the contact on the board is a short brass 
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be into which the plug fits. This tube is generally split 
insure firm contact, and often a spring latch is added to 
>ld the plug in place when inserted. 

Fig. 48 represents one form of this sort of board, arranged 
or iwo dynamos and four circuits. Each terminal is double, 
id those for the dynamos are arranged in the lower row, 
ind marked -{• A, — A, -)• B, and — II, each dynamo being 
istinguished by its letter (A or B). The terminals of the 
'our circuits are arranged in two rows at the top of the board, 
ind are marked + /, — /, + 2, — 3. + S, — S. -\- 4, and — 4, 
rcuit being distinguished by its number {1, 2, 3, or 4)- 
The ammeter A. .lA is mounted in the center of the hoard 
d provided with terminals (marked -|- and — ) to enable it 
be connected into any circuit, to determine if the current 
»f that circuit is of normal strength. In this figure, the cir- 
ts are connected up as follows: Circuit / is "dead"; 
circuit 3 is on dynamo A, and circuits 3 and 4 are in series 
ith each other, and are on dynamo 5, The ammeter is also 
n this circuit. 

116. The necessity for the two contacts at each ter- 
Dinal is obvious when it is considered that the external cir- 
!Uit of a constant -current dynamo should never be opened 
Vhile the machine is running, because that would be equiva- 
lent to increasing the resistance of the external circuit, 
rhich would cause the E. M. F, to rise so suddenly as to 
indanger the insulation, besides making a long and vicious 

c at the switchboard. It is often necessary to cut in or 

t circuits, machines, or the ammeter without slopping the 
lant, and, as stated above, without opening the circuit ; with 
lie two contacts at each terminal, and by the use of a suffi- 

nt number of connecting cables, these various changes in 
lie connections may be easily made. 

For example, suppose it is desired to connect the ammeter 
fn the foregoing figure) into No. S circuit. To disconnect 
: from circuits 3 and 4, a cable is plugged in between 

■ vacant contact at +/i and that at 4-3; this short-cir- 
Bits the ammeter, which may then be disconnected from 
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terminals +B and +3^ and connected to terminals +A 
and -f S. Then, on removing^ the cable directly connecting 
-f A and + 2, the ammeter is in No. 2 circuit. 

Again, suppose it is desired to connect No. 1 circuit in 
series with No. ^, without shutting down either the dynamo 
or No. 2 circuit. The first step would be to connect termi- 
nal + 1 with terminal + ^» then terminal + A with termi- 
nal -f i. These two make the same connection as the cable 
directly connecting terminal '\'A and terminal -^2^ and this 
latter may be removed without affecting the circuits any. 
Terminals — 1 and + ^ are now connected together, and the 
connection between terminals +■' and -^-2 removed, throw- 
ing the two circuits (Nos. 1 and 2) in series. 

An examination of the board and a little practice in " plug- 
ging in '* circuits when the dynamos are not running, will 
soon enable the operator to make any desired combination 
at will. 

1 1 7« In the second method, the cables hanging across 
the front of the board are done away with, connection being 
made by means of plugs. This is accomplished by means 
of two groups of contacts, arranged in two parallel planes a 
little distance apart. The contacts in one group are divided 
into pairs of horizontal rows, each pair being connected to 
the terminals of one of the dynamos; the contacts of the 
other group are divided into pairs of vertical rows, each pair 
being connected to one of the circuits. The contacts are 
directly opposite each other, and the connection between any 
dynamo contact and any circuit contact is made by a long 
brass plug, which is pushed through the outside contact to 
the inside. 

Fig. 41) is a diagram showing the connections of this form 
of board arranged for four dynamos and four circuits. The 
contacts in the front board are connected to the dynamo 
terminals, and those on the back board to the circuit ter- 
minals, as described above. It will be seen that owing to 
the way the connections are arranged, any dynamo may lie 
connected to any cinniit by simply pushing a plug (P^ J\ etc.) 



j 



ugh tlie cuntacls connected to the dynamo that cor- 
respond in position to those of the circuit it is desired to 
ponnect. 

The back or circuit hoard is provided with an extra row 
rf contacts at the bottom, by which circuits may be con- 
lected in series, using for the purpose cables with suitable 
;erminals, similar to those used for connections in the first 
brm of board described. One of these cables (called a 
jumper') is shown in the figure at/. In the diagram, circuit 
So, ^ is represented as being connected to dynamo B, and 
lits Nos. £and 3 are in series and connected to dynamo A, 
Circuit No, 1 is "dead," 
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The method of connecting from one i-Jrcuit to another, 
etc., will be evident from an inspection of the diagram, 
Fig. 4<J. 

1 18. As constant-current dynamos are self-regulating, 
there is no liability of an excessive current flowing through 
any circuit, so that there is no need of safety devices to pre- 
IVent the damage which such excessive current might do. 
tbe considerable length of overhead wire which is used for 
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arc-light circuits is exposed to the high potentials of lightning 
discharges, which are liable to puncture the insulation of the 
dynamo windings in the effort to get to the ground. To 
prevent this from occurring, apparatus called llgriitiiliis- 
arresters are used. 

The simplest form of lightning-arrester consists of a spark 
gap, or narrow space between the edges of two notched car- 
bon or metal plates, one of which is connected to the line, 
the other to the ground. When the line becomes charged 
with atmospheric electricity (lightning) which is of the 
nature of static electricity, and therefore of very high poten- 
tial, it is discharged by the lightning jumping across this 
narrow gap and passing into the earth. With this form of 
arrester, however, the dynamo current can follow the arc of 
the lightning discharge, and if the line happens to be 
grounded elsewhere, the current will flow through the cir- 
cuit thus formed, which now presents a comparatively low 
resistance, and the arc will bum and destroy the arrester. 

To prevent this, many forms of lightning-arresters have 
been constructed, in which the two plates between which the 
arc may form are suddenly moved apart whenever such an 
event takes place, thus rupturing the arc. Most of these 
are quite complicated, and are seldom sure to act; the 
Thomson arrester, however, performs the same office with- 
out moving parts, by taking 
advantage of the mutual reac- 
tion between a current and a 
magnetic field. 

This arrester is illustrated in 
Fig. 50. The spark gap across 
which the lightning charge 
jumps exists between the two 
curved jaws j and y^, jaw j 
being connected to the ground 
at g, and jaw j^ being con- 
nected to the line at b. The 
gap between these jaws is 
Fig. 50. i^ot uniform in width; the 
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^iglltrling discharge jumps across at the point where the 
jaws arc nearest, and this point is situated between the 
\niics of an electromagnet w/, which is in series with the main 

f dynamo circuit, which is connected at /i. Any cur- 
nt which passes across the gap between the jaws_/' andy, 
therefore in the field of this magnet, whose polarity is so 
cnoaen that the reaction of the current on the field repels 
the current out towards the lips of the jaws, thus making 
its path so long that it can not follow it, and the arc is there- 
Kfore '■ blown out," or ruptured. 

19. The windings of the electromagnet serve another 
r important purpose. Without thera, the lightning 
iiargc would have no particular preference for the spark 
jap of the arrester over the gap (insulation) between the 
binding and the frame of the dynamo, hut as these mag- 
jets have considerable self-induction, the sudden rush of 
5 lightning charge is prevented from passing through the 
Bagnet coils, and is therefore forced to pass across the 
►ark gap in the arrester. 

Allgood lightning-arresters should have a cboklas coll, 
S a coil is called which is inserted in a circuit merely for the 
ffect of its self-induction or the obstruction it offers to rap- 
ply changing currents, It should be remembered that the 
h69t arresters are useless unless their connection with the 
Yxind is carefully and thoroughly made and unless they 
e carefully installed. 

! usunl location for lightning-arresters is at the point 
Irbere the circuits enter the station, one arrester being 
Ukved in each side of each circuit. A common ground- 
"'connection will do for the entire bank of connectors, if 
the number does not exceed ten. This ground-connec- 
tion should be of two or three strands of No. 6 or No. 8 
(B. & S. gauge) wire, run with as few bends and turns as 
possible to a thorough ground-connection, which should be 
either a large plate of copper buried in an excavation which 
has been carrlctl down to tfjuist earth and surrounded with 
coke or charcoal, or a jiiece of 1 or IJ inch iron pipe at least 
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10 feet long, driven its full length into the ground, and 
provided with a brass plug in the top» to which the ground 
wire is attached. A supplementary connection may be 
made with a system of water-piping, if desired. 

120« In using arc (constant-current) switchboards, it 
should be remembered that it is dangerous to break the 
circuit of a dynamo, while it is safe to short-circuit one. 
Breaking the circuit is liable, from the sudden rise in the 
potential, to puncture the insulation where it is weakest, 
on the line or in the machine, causing a ground. (See 
Art. 116.) 

Lines should be tested daily, when not in operation, for 
open circuits and grounds. A rough way of making such a 
test is by means of a magneto (Art. 32^ Part 2), which will 
show the presence of either an open circuit or a ground, 
but will not locate them from the station. Some manufac- 
turers of arc-lighting apparatus furnish with their switch- 
boards appliances for locating the position of a ground with 
considerable precision, which greatly facilitates its removaL 



SWITCHBOARDS FOR DIRECT-CURRENT IK- 
CAXDESCENT-LIGHTIXG CIRCUITS. 

121. Incandescent lamps are usually operated in par- 
allel, at a constant potential. When direct currents are used, 
the potential on a single circuit is seldom greater than 125 
volts, and as each l(>-candle-power lamp takes nearly .5 am- 
pere at this voltage, the volume of current is considerable 
if a large number of lamps is operated. Consequently, the 
fittings, switches, and applianccs-on an incandescent-circuit 
switchboard are of more massive construction than those 
for arc-light circuits. 

Direct current for incandescent lighting is distributed 
according to one of two general systems — the t^vo-^wirc 
and the tlircc-^'irc MyHtcnis. 

In the two-wire system, all the lamps are connected in 
parallel on a single circuit or set of circuits, there being but 
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wirtfs to i;a.cli circuit, the wire which carries tlic currejil 
to the lamps being considered positive, and marked -(- '" 
Fig. 51, and the wire carrying the current from [he lamps 
back to llie dynamo, which is called the negative, and is 
indicated by the sign — . The two-wire system is repre- 
sented in Fig, 51, where d represents the dynamo which 
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supplies the current to the lamps /, /, /, etc., by means of 
the two mains a b and c f. It will he seen that in this sys- 
tem each lamp or other device using the current is inde- 
pendent of the others, and may be turned off or on without 
alTecting them. The current may be supplied from one 
dynamo or from several connected in parallel. 

In the three-wire system, illustrated in Fig. 53, two dy- 
namos d and i/, are neces- 
sary. 

These are connected in 
series, as represented, and 
a main a b led out from 
the — terminal of one ma- 
chine, and another c f 
from the -{- terminal of the 
other machine. A third 
main e ft is led out from 
the junction of the two oj 

machines, and it is be- P>i 

tween this main, called ^'° ^' 

the neutral main, and either of the other two that the 
lamps or groups of lamps are conneclcil in parallel, as shown. 

If the number of lamps connected between the neutral 
nrire and cither the -f- or the — main is the same, no current 
viti fl»»w from the dynamo through the neutral wire, since 
llie eiirrent which flows through the lamps on one side is 
iust that necessary fur the lamps on the other, and it will 
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flow through them ; but if a few more lamps are connected 
in on one side than on the other, then the excess of current 
required for the greater number of lamps over that required 
for the lesser will flow through the neutral wire. 

If the lamps are so grouped that there will always be about 
the same number burning on each side of the neutral wire, 
only a small current will flow through it, and it may, there- 
fore, be of much smaller wire than the -[- and — mains, 
although it is usually made the same size. The three-wire 
system requires at least two dynamos, although any number 
of pairs of machines may be used. 

The exact arrangement of switchboards for incandescent- 
lighting circuits varies with the skill or judgment of the 
designer and the requirements of each case. 

In general, however, the same apparatus is used in all 
boards, with about the same general arrang^ement, and a 
description of these general features will answer for almost 
all switchboards for either the two or three wire method of 
distribution. 

1 22. Regulating Devices. — These consist chiefly of 

rheostats, or resistance-boxes, one being included in the 
shunt field circuit of each dynamo. The construction varies 
hirgely, the most usual, perhaps, being a box containing 
coils of German-silver or tinned-iron wire, which are con- 
nected at various points to contact segments, over which a 
traveling contact arm moves and cuts in or out the resist- 
ance as desired. (See Art. 51, Part 1.) This arm may be 
operated by a knob or hand-wheel, suitably connected to the 
contact arm. 

The rheostat is usually located on the lower part of the 
switchboard, so that the operating handle is about 3J feet 
from the floor. It may be mounted wholly on the front of 
the board, but unless of extremely neat and compact ap- 
pearance, it is usually better to mount it on the back of the 
board, the hand- wheel projecting through the board so it 
may be operated from ihc front. In some cases, the contact 
segments and contact arm are mounted directly on the front 
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f tile board, connection to the rcsistanci; coils being made 
from the back. 

It is usual to provide the resistance-box with an "open- 

IVcuit " point, so that after the contact arm has been so 
pvcd that all the resistance is in circuit, further move- 
ent breaks the circuit, thus shutting down the dynamo. 
123. Swfltches. — Switches for incandescent work are 
mailyof lheyf/c/--^M//'(-tj'pe, illustrated in Fig. S3. In this 
rin of switch, the circuit is made or broken by means of a 
' iijipcr contact blade X*, which fits between the flexible cop- 
I ir-r tongues of two contacts, as f and 1/ or a and d. These 
.ire shown in perspective at r. Each contact blade is fitted 
t.. a lever/, /,, pivoted at one end at/,/,, and provided ai tlic 
her with a handle // by which it may be operated. These 




"■witches arc provided with one, two, or three blades and sets 
'li ri>ntacts, each insulated from the others, and are accord- 
piigly called single, double, or triple pole. These names are 

i^iially abbreviated to S. P.. D. P., and T. P. Sometimes 
; !iii levers are provided with two contact blades, one on each 

M le, and a second set of contai-t points is placed on the other 
-[lie of the pivot, so that by throwing the switch completely 
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over, that is, moving the handle through 180% the contact 
points of this second set are connected together. Such a 
switch is called a double-throw switch; the switch illustrated 
in Pig. 53 is a double-pole, single-throw switch. 

The contact points are provided with terminals of varying 
forms, to which the ends of the wires are connected. For 
use on wooden switchboards and for separate use, jack-knife 
switches are provided with a slate or marble base («r, Fig. 
53), on which all the parts are mounted. On slate or marble 
switchboards, the various parts of the switch are mounted 
directly on the face of the board, connection with the con- 
tact pieces being usually made from the bajck of the board, 
so that no wires show in front. These switches should 
always be mounted on the board with the handle up, so that 
when opened they will have no tendency to close by their 
own weight. 

124. Bus-Bars. — ^When several dynamos are to be 
run in parallel to supply a common set of circuits, it is cus- 
tomary to run a set of heavy wires or bars across the board, 

to which the dynamo terminals and the circuits may be 
attached at convenient points. These are called bus-bam. 
For three-wire systems, three bus-bars are necessary, and 
where two or more conit>ound-wonnd dynamos are run in 
parallel, for a two-wire system, three bus-bars are also used, 
two beinjr for the ■\- and — terminals, the third being for 
the equalizing connection^ the office of which will be explained 
later. 

Bus-bars are usually made of bare copper rods, to facilitate 
makinj^ connection at any desired point, and are mounted 
either on the front or on the back of the board. When on 
the front, they are polished and add much to the appearance 
of the board. They are usually supported 2 or 3 inches 
from the face of the board by brass castings, whether 
on the front or back, and are made of large cross-section, so 
that the difference of potential between them is practically 
uniform at all j)oints, even when large currents are flowing 
through them. 
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Ll25> Instruments. — It is very cJL-siralile to know the 
put of each dynamo; consequently, an ammeter should 
6 connected in circuit with each machine. The best forms 
«f switchboard ammeters do not require that the whole cur- 
rent sh'iiild enter the instrument, but instead only a small 
pnrt. so thai the ammeter may be Incalcd at any convenient 
pr)ini on the board, and the current carried to it by means 
I >l" small wires. This is accomplished by making the 
ammeter nf such resistance that when connected in parallel 
with a short length of the main conductor, or a specially 
prepared low resistance inserted in the main circuit, 
enough current will flow through the instrument to cause 
it tu indicate, on a properly divided scale, the amount 
I the current flowing in the circuit to which it is con- 

it'ted. This often saves a great deal of wiring on a 
^switchboard. 

In incandescent-lighting plants, it is very necessary that 
the voltage of the circuits be maintained as nearly constant 
:i-; jjossible, as variations of more than about 2^ from the 

i-rmal will affect either the life of the lamps or the quality 
f the light. For this reason, a reliable and sensitive valt- 
loeter should be used to indicate the voltage of the various 
circuits. More than one instrument for the various circuits 
and dynamos is not necessary, for by the use of a small phig 
switchboard, which need be only a few inches square, or by 
: he use of a specially devised switch, known as a voltmeter 
••witcb, a single instrument may be connected at pleasure 
with the terminals of any dynamo or any circuit, or may be 
used to indicate the presence of a ground in the dynamos or 
circuits, in the manner described in Art. lOO. 

Switchboard instruments are, as a rule, made with large, 
open scales, so that they may be read at a distance. Volt- 
meters are often provided with a pointer, which may be 
moved by hand to the point where it is desired to keep the 
voltage constant; then, when the voltage is at the proper 
[Kiint, the voltmeter needle coincides in position with this 
pointer, which may be seen at a greater distance than the 
!tcale can be read. 



13« DYNAMOS AND UOTOKa IW 

i\ u i i ? | m ui |»! 







X 



w 



fJJN 




JSA DYNAMOS AND MOTORS. 137 

indesceiit l.imps are often so arranged on the switch- 

boaril as to illuminate the scales of the instruments; if this 

B the case, the lamps should be shaded to prevent the light 

Erom shining in any other direction than directly on the face 

■of the instrumeni, as otherwise they are practically useless. 

126. Safety nevlccB-^To prevent the possible dam- 
ige to dynamos and circuits, due to an excessive flow of cur- 

:nl from any cause, fuses (see Art. 60) are placed in each 
jghting circuit, also in each dynamo circuit. Those for the 
lighting circuits are usually placed at the top of the board, 
and form convenient points to which m attach the circuits. 
The dynamo fuses are sometimes placed at the bottom of 
,he board, but more often on the connection board of the 
lo. The fuses should lie of sufficient size to carry all 
e current that the various parts of the circuit in which 
ihey are connected will safely transmit. 

The larger sizes of fuses are usually made in the form of 
strips, of rectangular section, mounted on copper terminals 
of suitable shape and size to clamp under the binding-screws 
of the fuse block. 

The fuse blocks should be located on the back of the 
ard, if possible, for if on the front, the board will be dis- 
:ured when the fuses "blow," unless they are completely 

losed. 
Lightning-arresters similar to those described in connec- 
i>n with switchlxjards forarc-lighting circuits are also used 
;andescent circuits, provided any part of the circuit 
ins out of doors for any distance. They are not usually 
italled on the switchboard itself, but at the point where 
le circuits leave the building. 

127. E«|uallz|n|[ Connection. — When two com- 
pound-wonnd machines are connected in parallel by simply 

j^connecting the + terminals together and also the — ler- 
^^■tinals, each machine will furnish an equal share of the total 
^^Kirrent at all loads, providing their E. M. F.'s and their 
BVutcrnal resistances are always exactly equal. This is seldom 
the ease, however, especially as no Iwo com pound ■wound 
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machines are overcompounded exactly alike. To enable 
them to be run in parallel satisfactorily, some device similar 
to the equalizing connection must be used. This is the 
simplest of the several methods, and the one most generally 
used, so the others need not be described. 

Pig. 54 shows a switchboard embracing the features pre- 
viously described, and showing the equalizing connection 
for running the two compound-wound dynamos in parallel. 
In this figure two 4-pole compound-wound dynamos {a) 
and {6) are represented. Prom the terminal boards of each 
machine three heavy leads £, — , and -j- are carried to the 
triple-pole, single-throw switches M^ 5, and Af^ S,. The -f 
lead is connected to the right-hand blade of the switch, the — 
lead to the left-hand blade, and lead £ to the central blade. 

It will be seen that lead £ is connected to the armature 
terminal on the side that the series coil is connected. 

Now, suppose that both machines are running and that 
both switches M^ 5, and M^ 5, are closed. This connects 
the positive or -f lead of each machine to the bus-bar -f-ff, 
the negative or — lead of each machine to the bus-bar — ^, 
and the E lead to the equalizing bus-bar E B, By tracing 
out these circuits, it will be seen that the current from the 
— bus-bar has two paths open for it to reach the armature 
brush of cither machine, one of which is through the — lead 
and the series coils of that machine, and the other is through 
the series coils of the ot/tcr machine and the two E leads. 

If both machines are furnishing the same amount of cur- 
rent, there will be no current through the equalizing connec- 
tion; consequently, the current from each machine will flow 
through its own series coils alone. If, however, through 
some chanji^e in the load, or from some other cause, the 
E. M. F. of one machine falls below that of the other, so 
that it (momentarily) furnishes less current, the drop through 
its series coils will be less than the drop through the series 
coils of the other machine, so that some of the current fur- 
nished by the other machine will flow through the equalizing 
connection and through the series coils of the first machine, 
thus bringing up the E. M. F. of this machine to its proper 
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wlue and causing it lo furnisli its sliarc of the current. 
When the machines are first connected in parallel, their 
K. M. F. 's are adjustei! by the field resistances until the 
bad is equally distributed between them. When this has 
done, the equalizing connection will take care of 
Iriations in the load. 

128. Referring again to Fig. 54, A", R are the rcsist- 
ice-lxixes which are included in the field circuits of the two 
hines, the connections being as indicated. These resisi- 
-e-li(ixes are mminled on the hack of the hoard, as indi- 
.ited in the side view to the right, and the contact arm of 
listance-box which cuts in or out the resistance is 
;rated by a shaft passing through the board and turned 
a hand-wheel //. 
The bus-bars are located on the back of the board, as indi- 
' ,itcd, and from them connection is also made on the back 
'if the hoard to the lower terminals of the six double-pole, 
single-throw, circuit switches C„ C"„ C„ f"„ C„ and C",. Just 
;»bovc and connected to the upper terminals of these switches 
are a scries of terminals for attaching the fuses/, /, /, etc., 
■ -ne of which is located in each side of the circuits J, 3, 3, i, 
'•. and S. The main fuses /^. f^, etc., are located on the 
dynamo terminal boards. 

Above the row of circnit switches are located the instru- 
ments, two ammeters A, and .^„ and a voltmeter ('. The 
small leads from the ammeters (not indicated in.the figure) are 
carried down the back of the board and connected to shunts 
.S, and S„ located in the connection between the + terminals 
of the switches M, .S', and Af, 5, and the + bus-bar. The 
ammeters arc connected inthe-J- lead of the circuit, because 
all the current from one machine does not always pass 
through the — lead, on account of the equalizing connection. 
(See Art. 127.) It will be seen that this method of con- 
necting lip the ammeters results in a great saving of con- 
necting wire over the mcihod which requires that the leads 
to the ammcler shall he of a size sufficient to carry the total 
current lo be measured. 
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The voltmeter is provided with a pair of leads terminating 
in plugs, so that it maybe connected to any of the plug con- 
tacts /, /, /„ /„ /„ /,, or /„ as desired. These contacts arc 
respectively connected by leads (not shown) on the back of 
the board, as follows: //to the lower (outside) terminals 
of switch if/, 5p so that when the voltmeter is connected to 
these terminals, it measures the £. M. P. of machine No. 1, 
whether it is connected to the bus-bar or not; /,/, to the 
similar contacts of switch M^ S^\ /, /, to the bus-bars •\-B 
and — ^, and/, to the ground for the purpose of testing the 
insulation of the circuits or of the machines. (Art. 125.) 

If desired, lamps may be mounted on the board to illumi- 
nate the instruments, and in this case it would be well to 
supply two for each instrument, and connect one to each of 
the circuits outside the fuses, so that if any fuse should blow, 
the lamp connected to that circuit would indicate the fact 
by going out. 

1 29. The foregoing figure and description show the gen- 
eral arrangement of switchboards for incandescent lighting 
with constant-potential dynamos. The exact arrangement 

for any particular case of course depends upon the circum- 
stances of that case and the taste and judgment of the 
desiji^ner of the board, the principal object being to get, first, 
an economical and convenient arrangement of the necessary 
apparatus, and second, a neat and symmetrical appearance. 
In large plants employing a number of machines, it is more 
usual to use shunt-wound dynamos, the potential of which 
is kept constant by means of resistance-boxes in the field 
circuits operated by an attendant who has no other duty. 

In isolated plants, such as those in theaters, office build- 
ings, and the like, it is often desirable to run the plant on 
the two-wire system, but also desirable to have it arranged 
so that in case of accident to the plant, the lighting service 
can be continued from the mains of some central station, 
which are cjuitc ji^enerally operated on the three-wi re system. 

To acc()m|)lish this, three bus-bars are used on the Iward, 
and each c ircuit has three wires, all lights being connected 
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letwceii one nr the ntlier of the outer wires and the center 
|nc, which is made twice the size of the others, When run 
ro-wire system, a large single-pole, single-throw switch 
[onnects the two oiiisi<le bus-bars together as one, thus 
baiving the two outside wires of each circuit operate as one 
rire split into two parallel branches. 

When it is desired to connect to the three-wire system, 
jhis single-pole switch is opened and the three bus-bars 
tonnected to the mains of the three-wire system in the 
tegular way. This is known as the flexible t^vo-wtre 
tystem, and is very useful. 



I'FCHB<»AKI>S FOR ALTKRNATIKG-CURHENT 

CIRCLIITH. 

130. Alternating currents arc used largely for incan- 
Uesoeni lighting in places where the lights are scattered over 
k considerable area. The current is generated and distrib- 
futed at a high pressure (usually about 1,000 volts) to trans- 
formers (see Art. 40) located at various points near where 
the lights are to be used. 
^^ This distribution being at a constant potential, the switch- 
^■toard used is not much different in its essential features 
^Bfom that just described for direct currents. The ejcciter 
^Bm* each dynamo must be provided with switches and a field 
^nisistance-box on theboani; an ammeter is also usually pro- 
^^pded, to measure ihn field current of the alternator. For 
^Warh alternator there are, therefore, two resistance-boxes 
(one in the exciter field circuit and one in the alternator field 
circuit) and two ammeters. When several circuits are oper- 
ated, each circuit is usually provided with a switch, so that 
in. such cases the alternating-current board has somewhat 
more apparatus than the corresponding direct-current hoard. 
Alternators may be run in parallel, but first must be 
brought into synchronism (see An. 69)- This involves a 
considerable amount of extra apparatus on the switchboard, 
_and is liable to result in damage to the machinery if not 
jcrly done. For ihirse reasons, alternators are seldom 
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run in parallel in this country, except in the large stations. 
If two or more machines are used, it is customary to divide 
the circuits into a suitable number of groups and run each 
group from one machine; provision is usually made, how- 
ever, for throwing any group of circuits from one machine 
to another, generally by the use of double-throw switches. 

On account of the above circumstances, the bus-bars used 
do not serve quite the same purpose in the alternating-cur- 
rent switchboard that they do in the direct-current, as they 
act only as connectors for the terminals of all the circuits 
comprising one group, there being, therefore, a pair of bus- 
bars for each group of circuits. 

Instead of measuring directly the E. M. F. of the alterna- 
tor, it is customary to use, in connection with the voltmeter, 
a small transformer, which has the same ratio of transfor- 
mation as those used in the circuits. The secondary of this 
transformer is connected to the voltmeter, which, therefore, 
indicates the E. M. F. of the secondary circuits of the light- 
ing system, 50 or 100 volts, or whatever it may be. 

The alternating current at the potentials used on the pri- 
mary circuits will give a dangerous, probably fatal, shock; 
the switchboard should therefore be carefully arranged so 
as to reduce the liability of accidental contact with any part 
of the primary circuit to a minimum. The high potential 
also increases the possibility of destructive arcs at the switch 
points and between the fuse terminals,'when a loaded circuit 
is broken, so that the lenj^th of such breaks should be made 
great, to prevent as far as possible the occurrence of such 
arcs. 



SWITCHBOARDS FOR ELECTRIC RAILrROADS. 

• 

131. Electric-railroad systems, like incandescent-light- 
ing systems, a'e operated with constant-potential circuits, 
usually of about .500 volts potential. 

The jj^eneral features of their switchboards are then simi- 
lar to those for the lij^htinor systems, some of the details 
however, being necessarily somewhat ditt'erent. 
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Compound- won lid dynamos are generally used, being 
'usually overcompounded from 8 to Vi^ or more. These 
run ill parallel, being connected through triple -pole main 
switches to three bns-bars, as in the lighting switchboard 
illustrated in Fig. 54, 

The current is conveyed to the cars by means of an over- 
le supplied by a number of feeders which go out from 
the station and connect with it-at various points, the circuit 
',|jeing completed through the tracks and the ground. The 
feeders correspond to the various circuits in the lighting sys- 
tem, but are usually connected directly to the proper bus-bar, 
no switch or fuse being used. The part of the circuit con- 
necting the station with the track or ground circuit is siini- 
Jarly connected to the other bus-bar, an ammeter being 
usually placed in this circuit to indicate the total output of 
'ail the dynamos. 

In the circuit of each dynamo, between the main switch 

ind one bus-bar, is connected the ammeter which measures 

le output of that dynamo, and also a clreuit-breakKr, 

hich is an electromagnetic device for opening the circuit 

when the current exceeds a certain limit. This device takes 

the place of the fuses in the lighting system, and is used 

icause it is much more rapid and certain in its action than 

fuse. In case of a bad short circuit which causes an 

:trcmely heavy current to flow, the electromagnetic cir- 

breaker operates almost instantaneously, while a fuse 

iquires a certain length of time to heal up to the meliing- 

int, which may be long enough to allow some damage 

1 be done to the dynamos or engine by the overload. 

The electric railroad being much more subject to short 

■rcuits and excessive currents than a lighting system, the 

of fuses would require the expenditure of a great deal of 

,e in replacing blown fuses, which is saved by the use of 

ircuit-breaker, since that requires only the movement 

its handle to again make the circuiL 

Lightning-arresters are provided in railroad as in other 
rctric circuits 3"<' ^^^^ usually similar in character to 
lose described. One arrester is connected in each feeder 
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circuit, and, as in the arc-Hyhtiiig system, they arc all con- 
nected to a common ground-connection. In additioii to this 
ground-connection,, the common connections of all tht 
arresters may be connected to the track ur ground bus-bar, 
but this latter connection should never be used as the only 
connection to the ground. 

132. It will be seen from these remarks that, in gen- 
eral, the object of a switchboard is to enable each dynamo 
and each circuit to be treated as separate units, and. fur- 
ther, to admit of connecting up these various units in any 
combination that the business of the station may demand, 
with ease and rapidity and without danger to the machines, 
circuits, or operator. To accomplish this requires different 
apparatus and connections for different circumstances, and 
no general rule can be given for the arrangement of switch- 
boards for even a particular system; but from the state- 
ments made, the manner in which the arrangement and 
apparatus of any particular switchboard serves its purpose 
should be readily understood after examining it and tracing 
out the connections. 



ELECTRIC HOISTING AND 
HAULAGE. 

POWER TRANSMISSION AT MIXES. 



GENERAL, CONSIDERATION. 

1. In the operation of a mine, one of the most iinpnr- 



■f the method of distribii- 
pparatus employed. 
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btni considerations is thi 

ling power to operate tin 

Whether this power can be transmitted to the best ad 

by means of electricity, steam, compressed air, or water 
iwer, will depend larjfely on local conditions. 
In a general way, it may be said that the advantages of 
■leclricity increase with the distance and the number of 
points t" which power is to be delivered. 

With both steam and compressed air the cost of installa- 
tion and the loss of power {as well as the danger of break- 
down) increases rapidly as the system is extended. These 
systems are also affected in efficiency by changes of temper- 
iiture, which have no appreciable effect on electrical disiri- 
liiition. Moreover, by reason of their flexibility, electrical 
Conductors are not so generally liable to injury and breakage 
by floods or shifting ground as are the rigid pipes conveying 
steam or compressed air. 

Up to within a few years, a serious drawback to the use 
iectricity was the limited application of motors to the 
crcnl forms of mining machinery, and also the lack of 
lability in their operation. Recent advances, however, 
been so great that this form of power is rapidly coming 
S3I 

ihc topyriifht, ke [«Ke iinrniii1liUBl)r (ollow(ni{ tin iMe lug*. 
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to the foreground for mine haulage, hoisting, pumping, 
lighting, surface traction, and the operation of machine 
shops. 

2. LofiK-DiHtance Transmlssioii. — Electricity may 
he said to excel other methods where water f)owcr is avail- 
able within a reasonable distance, say up to -lO or 50 miles 
(depending on the relative cost of fuel), when the local con- 
ditions require the use of power at scattered points, or where 
the mine is off the line of railroad and the haulage of fuel 
involves heavy expense. In this latter case, the placing of 
an electric generating station at some central point and the 
transmission of current to the various places where power is 
used, both on the surface and undergroimd, will generally 
effect considerable saving. 

3. Relative Advantages of Electricity and 
Steam or Compressed Air. — Where the bulk of power 
is used for drilling and pumping near the boiler plant, steam 
and compressed air have an advantage, as the reciprocating 
motion of the steam and compressed-air cylinder is more 
advantageous in these operations than the rotary motion of 
thr clt'ctric motor. On llie otlu-r hand, a more extended 
us(' of hoisiiiii^, iKiuliiii;^ and vtMitilating machinery will 
generally laxor the use of electricity, especially in view of 
th(^ added advantaj^^c of its nse for lighting and the greater 
flexibilitv of tlu* installation. 

4. IIiiula«:c. — With long hauls and small tonna^u*, 
wauon haulage is undonbtcdly the most economical where 
roads of reasonable (jnalily and i^rade are available. As the 
distance shortens or tint toniuii^ci increases, the use of a 
tra( k l)ec(nncs advisable, and ultimately on this track tlu- 
locomotive oi' cable i"cj)laccs the midc or horse in economy. 
.\,!4ain, the limitation in the use of locomotives to grades not 
e.xteedin^- -\\ to ;>'; wluMC they are long or continuous will 
often decide in favor of the hoistinu' drum and cable or the 
overhe;i(l cable with buckets. Then, again, for short dis- 
tances and lar-'c toima-'c, the use of convever belt or bucket 
must receive (onsiderat ion. 
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In connection with the use of tramways, it is interesting 
to know that whereas the pulling piiwi;r (or direct pull) 
required to haul 1 toti on rails at the rate of 3 miles per 
hour ranges from 4 to 12 pounds, the power required for 
lacadam road is from 45 to G5, and for an ordinary dirt 
id it is over 200 pounds. 

In any case the form of power to be used will depend 
largely upon the question which form can be used to the 
most advantage for ihe largest number of purposes. Each 
system has its advocates, and caution should be observed in 
accepting the data and comparisons used in trade cal alogues 
by manufacturers anxious to sell their own wares. 



KLKCTRICAI, TRANSMISSION. 

5. In the event of the selection of electricity, the choice 
(•i the system must he determined — whether direct (con- 
tinuous), simple, alternating, or polyphase current machines 
shall be used, or possibly a combination of two of these 
systems. The voltage of the direct-current machine is 
limited in practice to about COO volts, due to complications 
in insulation and to increasing the number of segments of 
the commutator for higher voltages. 

For these reasons, direct-current generating apparatus 
■ an not be used to advantage when the pi>wer is to be trans- 
mitted for long distances. Roughly speaking, a wire of a 
certain cross-section will carry a given number of amperes of 
lurrent without undue heating. As the /ott'cr or watts 
1 ;irried is the product of the amperes multiplied by the volts, 
twice as much power can be transmitted over the same wire 
by doubling the voltage, and so on in the same ratio. 

This law is to be compared to the capacity of piping, 
carrying water under x'arying pressures, except that with 
water the friction increases with the speed of flow. As a 
jjcneral slatemenl, it may be said that in the electrical trans- 
mission of power a loss of over 10:*, at most 15, in the line is 
not permissible, even where the source of power is water. 



F. I v.- 
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A more detailed explanation of this statement will not be 
amiss. Taking, for example, a case where an abundant 
water power is available: at first sight it would seem that as 
the prime energy is secured at a nominal cost, the loss of 
even 25^ and over, caused by the use of small wires in trans- 
mission, would be more than offset by the saving in cost of 
copper. This expense for conductors for distances of over 
25 miles may amount to more than one-half the total cost 
of installation. Several causes combine to effect this; 
among them are : 

1. It is difficult to regulate the voltage at the point of 
using the electric current when there are constant variations 
of load, as the potential will decrease rapidly as the load in- 
creases, and vice versa. This fluctuation changes the speed 
of motors and the brilliancy of Ijghts. (There would, of 
course, be little drop under no load.) 

2. The interest on the increased cost of installing the 
larger water-wheels or turbines, dynamos, and fittings 
largely offsets the expense of larger conductors. 



CHOICE OF SYSTEM. 

6. For the transmission of energy for short distances 
(not exceeding say 2 miles) where it is to be used chiefly for 
power and incidentally for lighting, the choice will rest 
between 

{a) The direct current, not exceeding 600 volts for sur- 
face, 500 volts for underground, and 

(/;) The multiphase-alternating current with either induc- 
tion or synchronous motors, with the addition, where elec- 
tric locomotives are to be used, of rotary transformers to 
supply direct current to them. 

7. For the transmission of energy for lightirig, with 
incidental use for power, the monocyclic system or two- 
phase three-wire system is preferable. With the monocyclic 
system the lij^hting current is conducted by two wires, a 
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third wire brought from an intermediate point in the wiring 
of the dynamo being added for power use. 

8. Long-distance transmission requires some form of 
alternating current, as the cost of conductors for the low- 
potential direct current would be prohibitive. 

With the use of electricity, the greatest freedom is per- 
mitted in selecting a site for the power plant. Instead of 
being arbitrarily located at or in the immediate vicinity of 
the mine shaft or mill, it may be placed with due reference 
to the cheap delivery of fuel, and also due regard to a satis- 
factory supply of water, for the boiler and condensing 
engine. 

Moreover, where power is used at several scattered shafts 
or works, one generating plant only will be necessary, in 
which efficient, large unit boilers and engines can be 
installed. 



PRACTICAL EXAMPLES. 

9. Metropolitan Railivay Company of Neiv Y^ork 
City. — This plant furnishes a good example of the economy 
effected by the centralization of plant, and may be de- 
scribed as follows: 

The power station supplies current for the widely scat- 
tered electric-car lines of the Metropolitan system, and is 
located between Ninety-fifth and Ninety-sixth Streets, First 
Avenue and the East River. Although this location can 
not be called a central point of distribution, the greater 
facility with which coal and ashes can be handled and the 
unlimited supply of water from the river for condensing 
purposes, in addition to the much lower cost of land, gov- 
erned the selection. 

10« The building is a steel-frame structure with brick 
walls. The ground plan is 200' x 280'. The boiler room will 
contain 87 Babcock & Wihtox water-tube boilers in three 
tiers, each boiler having a rated capacity of 250 H. P., capable 
of being forced to 400. An engine room of about 100' X 200' 
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will contain 11 vertical cross-compound condensing Allis en- 
gines of 4,500 indicated H. P. each at their maximum effi- 
ciency, but capable of running continuously at G,000 H. P., 
and for a short time at 7,000. To these engines will be 
coupled 3,500-kilowatt generators of the General Electric 
Company (approximately 4,700 H. P.). The generators 
will run at 75 revolutions per minute. 

The entire floor above the boilers will be occupied by the 
steel coal-bins, with a capacity of 9,000 tons. The chimney 
is the largest in the world, being 353 feet high, with a 23-foot 
core. As the ground was very poor for the foundation, over 
1,200 piles were driven, and these were topped with a solid 
block of concrete 85 feet square and 20 feet deep. The 
chimney built upon this block contains over 3,500,000 bricks. 

11. At Fiftieth Street and Sixth Avenue, nearly 2J 
miles away, a substation with a capacity of over G,500 H. P. 
will convert the high-pressure three-phase current (6,000 
volts) to the necessary 550 volts direct current for use on 
the conduit-trolley line, by means of rotary transformers. 
At One Hundred and Forty-sixth Street, also about 2^ miles 
away, another subslation will be located with a capacity of 
r),)}(M) 11. V. Three and one-half miles away, in Twenty- 
fifth Street, there will be one of (;,:5()0 II. P., and at Houston 
Street, 5 miles awav, onc! of the same caparitv. The 
farthest, located at the lower extreme of the city, 7 miles 
away, will be of 4,0(10 II. P. Two additional stations will 
prol)ably be located in the lower end of the city at a later 
date. 

This plant with its 4."),ooO II. P. cajiacity forms one of 
the most interestini^ examples of the extensive transmissi(»ii 
of ele( trie* power where the current is used almost exclu- 
sively for street-railway work and where all wires have to Im 
])lace{l underj^round. The main cal)les are insulated witi. 
rubber and woven braid and covered on the outside with 
iieavy lead tubino-. This is then drawn throui>b vitritieil 
brick conduits adjoiniui;- in most cases the tracks of the 
company. 
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12. Southern Ciillf4»rnla Power Cumpany's 

Plant. — Ordinarily a distanci: «( 50 miles is the practical 
limit iif electrical-powef transmission, but in localities where 
fuel is expensive and large amounts of power are required, 
a inncli greater distance is practicable, especially where 
water power may be ulitained. This case is well illustrated 
by tW plant under consideration, which may be described as 
follows: 

134 In the mountains 8.1 miles from Los Angeles, water 
power under a head of 7l>l) feet is used to drive (PelLon) 
water- wheels coupled direct to three-phase generators of 750 
volts pressure. This current is transformed in three sets of 
static transformers to 1,90(1 volts, giving a working pressure 
oil the line of 3,300 volts. Four 1,000 H. P. dynamos are now 
operated and six additional machines of the same size are 
being installed. The current is used at Los Angeles for 
lighting, street-railway, and other power purptises. For the 
trulley servit-c, the necessary direct current is secured by 
means of rotary transformers. In mines favorably located 
below the source of water power, walcr-wheels and hydraulic 
motors can be utilized direct for hoisting and pumping; 
but for one such case ihero are a score where the water is 
loi'uied below the point where it is required, with hills inter- 
vening, or too far away to be piped. 
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14. Having determined the location of the power plant 
and the electric system to be employed, the next considera- 
tion is the construction of the transmitting line. 

(For methods of installing dynam()s and wiring switch- 
board and station connections, sec Dynamos and Motors.) 

15. Line Construction. — Whether a high or low ten- 
sion system is used, it is advisable to construct the pole line in 
the most substantial manner. Twenty-five to thirty -five foot 
P'lles of not less Ihan 5 inches in diameter at the lop should 
be used. These should be set at least 4 feet in the ground. 
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preferably 6. The pole hole should be dug large enough to 
permit the butt of the pole being dropped straight in with- 
out forcing and should be filled in slowly with dirt, tamped 
with iron rods to insure thorough packing of the earth. 
Poles used at corners or angles should be preferably of 
7 inches top diameter when heavy wires are carried, and 
sufficiently long to permit of their being set 5 feet 6 inches 
in the ground. Where the ground is moist, it is well to 
smear the butt end of poles with pitch or tar and have this 
extend at least 2 feet above the ground line. The proper 
distance between poles will depend on the character of the 
ground and the weight and physical strength of the wire. 
One hundred feet interval is perhaps the best for general con- 
ditions, and a distance of 125 feet should never be exceeded, 
except with the use of aluminum conductors. This metal is 
only about half the weight of copper for equal conductivity 
and equal breaking strain, so that a much longer span is 
permissible. For every 5 feet added to the length of the 
pole, it should be set an additional 6 inches in the ground. 

I Q. Insulation. — There are two methods of insulating 
conductors ttrryin}; electricity at high pressure — continuous 
mhiilition ind iiitLr\ il insulation. In the former, the wire 
or (able IS I >\eicd i r ccmtcd throughout its length with 
rnlibtr in lIkf iiisul ilniir material. In the latter, bare wire 
IS supiwirti-d it mttrv lU on glass, porcelain, or compositidn 
insnlatars. In the aerial transmis- 
ion of very high pressure cu^rent^ 
(inijilfte reliance must be placed 
in the quality of pole insulators and 
ID the mechanical strength of the 
fire and line construction. 

Fijjs. 1 and 3 show double-petti- 
"ated porcelain insulators, such as 
re used in high-tension wort, 
'he hhatled lines show that it is 
made in sections and melted tc- 
getlKT Ijy th<' vilrifyin^ furnace. Where high-tension wires 
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i telephoi 



■ telegraph Mr 



. best to place the 



high-tension wires above, or if below, to protect them by 
guard wires to prevent the grmmd- 

ting of the system in the event of the 
breaking of the lighter wires. 
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■ 17. (.iKhtnlnic - ArrcHterti. — 

In high altitudes and exposed rmui- 
iry, the line should be protected hy 
iH-casiona1 lightning-arresters. Sev- 
tral different forms arc effective. 
They arc connected to the line at 
the terminals and at exposed points. 
t)ne side is connected to the line ly 
heavy wire or cable, the other In iln^ 
'■arth, and it is essential that the l,u- 
ii.r section should be carried to nmi-i 
L;r<iund In order to be efFeetive. Vw- 
type consists of series of cylinders of 
so-called non-arcing metal, placed 
parallel and close to each other, with Ftc.s. 

little gaps between, which the lightning will jump across, 
but which could not be spanned by the relatively low ten- 
sion of the service current. 

The term non-arcing metal is used for the reason that the 
^a.ses formed by the burning metal due to the passage of 
iliu lightning discharge do not forma conducting path for 
I Ih- rurrent of the line, as is the case with the majority of the 
I n'talfi. In another type the lightning jumps a small air- 
:.ilj between two horns spreading out from each other, and 
iherc is placed a strong magnet whose lines of magnetic 
force pass across this gap with ihc effect of counteracting 
the arc, or, as it isexpre^ised, "blowing it out." A third form 
consists of two large disks nf metal placed with a small 
interval between them and with a sufficient surface to 
radiate the heat so rapidly that the arc or center of heat Is 
dissipated. 



in 
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18. Interior attd Underground Wlrlntc- — Tl 

electric curreiil may be carried :it high potential to tl 
entrance of a building or mine and with carefully itisutati 
cables at pressures up iol,(X)0 volts to central distributin 
poinls in mine or building, there to be converted lo a pre 
sure not to exceed 500 volts, This voltage is not sufl 
cienlly high to seriously injure any healthy person who ma 
accidentally handle the bare conductors or connections of 
machine. The method of ru| 
ning the wire cables down 
shaft will depend on the avai 
able space, or whether it 
"Met," and on the voltage < 
the current. 

19* An ingenious device 
shiiwn in Fig. 3, by means t 
which cables may be suspend) 
in vertical shafts. This dcvii 
ciinsislsof a pulley with heai 
bolts for attaching to thebea 
at the head of the shaft at 
projecting downwards. Tl 
large hardwood rollers ai 
soaked in paraflin ur paint ai 
covered with soft rubber, li 
ends of the cable are cirril 
around these pulleys two ( 
three times, and then down tl 
shaft, where they should I 
firmly attached to the side i 
the shaft on insulators at fi 
ijuent intervals, The upfl 
ends are connected to the ot 
side feeders by heavy brass 
couplings which permit i>f be- 
ing disconnected at will. 
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2«. Wht-L-e the current 
tocomotive trat.tion, bare 

ulagcways. Tliis wire is 
unnelorgalhiry, hetween o 



is 111 l)e used for uiKk-iyrmind 
r-ire must be used along the 
attached to the roof of the 
nver one of the rails, according 



I the character <>i the roof or the location uf the trollcy- 
(ole on the electric locomotive. The trolley supports may 
; placed at frntti 25 to 40 feet apart. 

21. Hangers. — Where the entry is Limbered overhead. 
I the hangers and insulators supporting the Irolley-wircs can 
■be attached to these, otherwise s|jccial supports will be 

■ necessary. They must be strong enough to hold the weight 

■ of the wire and to withstand the constant jar and vibration 
■io which it is subjected. Where the roof is g.xid and its 
Mheight uniform, the supports can be attached directly to it. 
JFig, i shows a good form of 
Kfianger and insulator. The in- 
sulating substance a is pru- 

d from injury by accidental 

|blows by a metal hood-shaped 

lovcring *. The insulating 

material in the center has steel 

ituds insulated from each other. 

■ojcrting upwards and down- 

■wards. The upper one is fasi- 

led to the iron hood which has 

^rms f for attaching to the 

Hastened the clamp fi for holding the trolley-wire. This 

xiamp consists of two jaws of bronze, hinged to an inler- 

>cking pin which passes through the head of the stud-boll. 

The clamping effect is secured by screwing the cone-sliajied 

. down on the stud-bi>ll; this spreads the upper jiart of 

jaws apart and tightens the grip on the wire. The 

mp d can be loosened at any time for readjustment by 

riirning the nut c, 

22. Pig- 5 shows a trolley hanger and the method of sus- 
wnding it from the rn<.f. A Imle is drilled in the top rock, 

^nd a bult with ils upper end made wedge shape and l.irgcr 




.uf. 



13 ELECTRIC HOISTING AND HAULAGE. § 31 

than the diameter of its stem is placed in the hole. A short 
piece of gas-pipe which is split at its upper end is also placed 
in the hole and over the bolt. A hole is then bored in a 
piece of 4' X 3' timber, just large enough to admit the bolt 
and prevent the gas- 
pipe from entering it 
when the piece of tim- 
ber is put over the bolt 
and up against the 
roof, and the nut on 
the end of the bolt is 
tightened up. It can 




^"'- s- be seen that as this 

nut is screwed up the widened portion of the bolt is 
wedged tightly into the gns-pipe, which is in turn forced 
against the side of the hole. The block of wood is sup- 
ported in this manner at two points, and the insulated 
hanger is screwed into it. This device serves very well 
where the roof is approximately the proper height for the 
trolley-wire, but where the roof is high, it is a good plan to 
drill twohnk's alnHit 2 inclu-s in diiimeter and 10 inches deep, 
nm\ about fi iiiclies apart, rr(iHKwi.>ie over one of the rails. 
Wooden plugs arc llit-n driviui into the holes and s:iwe<l off 
Ihc proper hcijtlit above Uie rails, and a piece of l.V' x 4' X 14' 
timber nailed on to the ends of the plugs by using three 
tivenlypenny spikes in each. 

.\lai'leatile-inin pins are als.. (n.i<!e in two halves, one Ikiv- 
iuj: projeitintis, the other smooth. The half with projec- 
ti'.iis is first plari-d in the drilled boic in the roof and ihc 
olher or sni.".ih half is then driveji up beside it. This form 
\a very salisfaelory wilh a ^'uod n.of. 

2^1. rrojjH. — I'iiJ. (1 >llo' 
imiiiu. It is simil:,r In those 
tiee. liein- plaeed just fo.wa, 
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It-i, Return Circuit.— In mine iraction as in surface 
tructiiiii, the rails, properly bonded, arc generally used for 
the return circuit. That is so say, the current passes fnim 
the bare trolley-wire, through the trolley arm to the starting 
resistance and motor, and through the frame of the motor 
and wheels to the rails, and so back to the generator. The 
condiiciivily of iron being low and the fish-plates connecting 
dilTerenl lengths of rails being liable to rnst (which 



largely destroys its conductivity), the path for the return 
current is assisted by "bonding," which consists in connect- 
ing the rails together with copper wire by wedging or solder- 
ing the ends of a short piece of heavy copper wire into 
ihe web of adjoining rails. Cross connections between op- 
posite rails should be made not less than every l.iO feet. 
The method of bonding, by winding copper wire around 

,he bolts before the fish-plates are put on, is not to be rec- 

)m mended. 

25. ArrantE^nicnt and Protection of Conductors. 

Prom the end nf tlie rails to the jMiwer house it is well to 
use a cable for the return circuit. Where the current is lo be 
used exclusively for other purposes than traction, bare wires 
exposed for their entire length are not essential, and insu- 
lated rabies may be used with the alternating system (single, 
;wo. or three phase) up to L Of '0 volts potential. Current 
be conveyed to centra! points at this pressure and cou- 
rted nt substations in the mine to the working voltage by 
leans of static transformers. However, this would be done 
i»>n!y where the distance from the mine shaft was consider- 
able or where a large amount of current was used, making 
the C(«l of copper for conveying at 5(fO volts, without too 
great lost*, .n serious item of expense. The wires or cable 
should be placed at one side of the gallery, as much out of 
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the way aa possible, to avoUl injury in miiuT ut muk- (stuck) 
from accidental contact. It is wise to conduct llie currfiit 
ill any case throuyh mains or feeders, and to have the sys- 
tem divided into sections with switches, so that the sliutiing 
down of one portion for repair or extension need not affect 
the balance. Where the wires cross main j-aniiways, it Is 
wise to protect them thoroughly against chance contact or 
mechanical injury; this may be done hy coverin*; tht-m willi 
split rubber hose and binding it at intervals with rubhor 
tape. 

2fi. Carrying Capacity of Wires.— Tin; safe carry- 
ing capacity of wires i.s given in the following tables for 
bare wire and wire enclosed in moldiiigsor conduits. Tin- 
reason for the great difference in capacity is due to the fatl 
that in one case the hi?al can radiate and in the other it 
arrtimulates. 



TABI.K I. 

BAFB CAKttVlMG CAPACITY OP BARB ^VHtEB. 



Brown & Hharji:. 
Gauge Numljer. 


Safe Carrying 

Capacity. 

Current in Amperes. 


01 Hill 


300 


110(1 


245 


01.1 


315 





190 


] 


ICO 


2 


13.5 


3 


115 


4 


100 


5 


flO 


e 


80 


7 


07 


8 


fin 
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TABLE II. 

CARRTING CAPACITY OF WIRES IVHBK BNCLOSBI). 



Brown 8c Sharpe. 
Gauge Number. 


Amperes. 


0000 


175 


000 


145 


00 


120 





100 


1 


95 


2 


70 


3 


60 


4 


50 


5 


45 


6 


35 


7 


30 


8 


25 



27. Danger of Injury from Sliock. — It is not wise 
to touch a bare conductor carrying current at a pressure of 
over 110 volts, unless you are provided with gloves made of 
rubber or standing upon some dry insulating material. 
This fact should be remembered by persons traveling along 
headings where the conductors may be touched by some 
part of the body. A person wearing dry rubber boots or 
standing on dry wood may touch a single conductor through 
which a current of high voltage is passing without injury, 
provided he does not make contact with the negative con- 
ductor (generally the earth) with some exposed part of the 
body. 

A dynamo or motor may become ** charged" by injury 
to the wiring or on account of some loose coils touching 
the body of the machine. In such a case it is exceed- 
ingly dangerous to touch any part of the machine, for it 
will discharge through your body into the earth. It is a 
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wise precaution to connect the frames of pumps anil other 
machines run by electricity to the earth to prevent their 
becoming charged and inflicting possible injury to those 
handling them. 



ELECTRIC HOISTING. 



GENERAL CONSIDERATION. 

28. The electric motnr is an ideal form of power engine 
for hoisting. Having a rotary motion, the intervention of 
a crank with its varying power at different piositions is not 
necessary, as is the case with the use of steam or com- 
pressed air. Hoisting-engines u.scd in mining are frequently 
located quite a distance from the boilers, necessitating great 
length of pipe for delivery of steam. In addition to the 
losses from condensation, there is constant danger of blow- 
ing out the cylinder-head from having water collected in il, 
As hoisting-engines are used intermittently, this will be a 
very serious source of trouble unless the engine and pipes 
are carefully drained before starting. In cold weather, ice 
may also form in the pipe and engine and cause accident. 
The electric-motor hoist reduces dangers from careless 
handling to a minimum. 



PRACTICAL EXAMPLES. 

29. Fig. 7 shows a dirt-ct-current electric mining hoist. 
The motor is one ()f the armored railway type built by the 
General Electric Company. It is unclosed as shown, the 
case a forming part of the field magnet and protecting the 
machine from dust and dirt as well as mechanical injury. 
The contrciller /' is of the strcot-car type, and is mounted s<) 
as to be convenient f<ir the operator to observe the neces- 
sary signals. The current is regulated by the lever c, and 
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■versed when necessary by the lever d. The pinion upon 
s axis of the armature gears with the spur-whet;t upon the 
laft e. These gear-wheels are enclosed in the case /, which 
Itiot only protects them from dust and dirt, but also fur- 
nishes a receptacle f>>r oil, which insures continuous and 
perfect lubrication. On the right-hand end of the shaft c 
_ there is a pinion that gears with the large spur-wheel h. 




The gear- 
white the 



which is covered by the protective band k. 
wheel /( is fixed rigidly to the drum shaft w 
drum runs loosely upon it. The band brake «, which con- 
sists of a flat iron band having a number of wooden blocks 
:itlacbed to its inner side by means of wood-screws, engages 
with the drum and is applied or released by the lever r. 
The lever q operates the patent friction-clutch through the 
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irizonlal shaft/, the lever j, the link .i', ;iinl the lever u. 
When the screw v is slightly turned by this system uf levers, 
it is furced into the nut w and against the end of a con- 
centric steel pin which passes through the shaft in to the 
cross-key /. This key then forces the washer £■ against the 
drum, which is pushed to the right and engages with the 
friction-clutch. The hearing between the end of tlie con- 
centric pin and the screw is kept well lubricated by means 
of the oil case i. 

3<K Fig. 8 shows a section of the drum D, Fig. 7, 
illustrating the construction and action of the Ueekman 
patent friction-clutch as built by the Lidgerwnod Manu- 
facturing Corapany.of New York. Large wooden blocks^ 
are boiled to the side of the sjmr-wheel h, and ihey are 
made of suitable shape to conform to the V-shaped gnxive in 
the side of the drum D. The steel spring s between the two 
steel washers w, w disengages t)ie brake as soon as the pres- 
sure is relieved fmtn the opposite side of the drum. It can 
be clearly seen from the figure that, as was previously 
stated, when the lever it {Fig. 7) is turned, the screw v is 
forced against the end of the concentric steel pin/, which in 
turn presses the cross-key /against the collar^. This collar 
presses Ihe side of the drum, which then frictionally 
engages with the large spur-wheel //. The drum shaft is 
prevented from moving longitudinally by nieiins of the 
grooves a, a and the screw collar c. The wide bearings of 
the drum on its shaft are lubricated by means of the 
pipes i>, 0. 

31. This hoisl is provided with separate resistance to 
regulate the speed of the armature when the motor is 
working under different loads; it is especially suitable for a 
single shaft, for the friction-clutch can be used while hoist- 
ing the cage and the band brake used in lowering it, pro- 
vided it is not necessary to reverse the current and u.se the 
jiowcr. The r()pe may coil upon the drum in several layers, 
unless the hoist is used to raise material out of two adjacent 

F. IV. -St 
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shafts or a double shaft, ill which case both ropes are at- 
tached to the middle of the drum and wind upon it towards 
the ends; nr, better still, one rope may be attached at the 
middle and the other at the side of the drum, so that the 
stress will be placed more equally upon the bearings of the 
drum sh;ift. With this arrangement, the ropes can not be 
accurately or conveniently adjusted to make the rails on the 
cage at the top, and those on the cage at the bottom fall in 
line with the rails of the roads at the top and bottom. 



32. After CO 
rather than atti 
blocks are 
crease its ^, 
amount of ropc lo i^... 
jars and stresses wl 
mining hoists, the i 
positive clutches, 
where the shafts ar' 



le ropes vary in length, and 
»ne or the other of them, 
le end of the drum to in- 
;reby take up the required 
iroperly and prevent undue 
to hoist. In many large 
isted by means of internal 
iment is very convenient 
i ropes necessarily long. 



33. When two ropes at iched to a single drum, the 

length of rope is limited to the width of drum, as not more 
than one layer of rope can be wound upon the drum, while 
if double drums or single drums with one rope are used, 
several layers of rope may be coiled upon the drum. This, 
however, is not good practice in hoisting, although in haul- 
age practice the roi>e usually winds upon itself. Hoisting 
drums are generally provided with spiral grooves, which 
guide the rope and furnish a good bed for it. 

34. The hoist shown in Fig. 7 weighs about 34,000 pounds 
and can hoist 0,000 pounds (gross load) at a speed of 500 
feet per minute. The drum has a 3C-inch face and is 60 
inches in diameter. The motor makes 700 revolutions per 
minute and is rated at 1 10 horsepower. Hoists of this type 
and size are used at small mines and for auxiliary hoisting 
at large mines. Motors are used to run large double drums 
instead of the steam-engine, but the conditions at the mi- 
jority of mines are such as to make it uneconomical; for it 
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iild mil be gixxl policy to incur the double cost of traiis- 
SDrmitig the steam energy into electrical energy when steam 
an be used directly and near where it is generated. 

35. Fig. 9 shows a direct-current electric mining hoist 
lauite similar to that shown in Fig. 7, except that it lias a 




[aw clutch (T, which moves longitudinally along the shaft d 
I a feather, which prevents it from lurniiig except when 
e shaft turns. The drum D is fixed to the shafts, and 
he pinion dis loose on the shaft i. The face t>f the clutch 
text the pinion i/ has a number of sectoral projections and 
•s which fit into ci)r responding recesses and projec- 
tions on the adjacent side of the pinion. The clutch is 
thrown in or out of gear by the bifurcated upright e which 
B operated by the hand levery. The bifurcated ends of the 
Ipright have suitable projections bolted to them, which run 
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III the iinnuliir gmovc in the clutch a. This form (if cluti 
is positive and can not l>e thrown in gear when the mot 
is running at any cuiisiderable speed unkss the projeciia 




1IU ]u n 



and recesses havt; considerable play, in which case the eniiv 
hoist is subject to great stresses if the gear is thrown in 
while the motor is running. 



ISI ELECTRIC HOISTING AND HAULAGE. 23 

The cage may be lowered by throwing the clutch out of 
gear and using the band brake <i, which is operated by the 
hand lever /. The motor and the resistance are controlled 
by the hand lever in. This hoist is built to raise 0,000 
pounds with current supplied at a voltage of from 250 to 
500. and it is especially suitable for local hoisting in wet 
H^aces. The fare of the drum is smooth and the rope may 
^Brind upon itself. 

^H 36. Fig. lOshows an induction-motor mining hoist pro- 
^Bldcd with a patent friction drum operated by the lever / 
^^nitl a hand brake b operated by the lever tii. The motor is of 
^fOie three-phase induction type and is provided with a resist- 
ance in the armature circuit and external contacts for 
varying the same. The motor may be wound for a voltage 
of from no to 500, and can be adapted for use on two or 
three phased systems. The controller is so constructed that 
3 speed varying from maximum to zero can be obtained as 
readily as if a steam-engine were used. The external con- 
tact arms c are placed upon the resistance bos r, and 
are operated by the hand lever », through the horizontal 
shaft s, lever /, and link i*. The current is reversed by the 
lever (/. 

37. Fig. 11 shows an electric hoist made by the Lam- 
bert Hoisting Engine Company, of Newark, New Jersey. 
The armored continuous-current motor M is connected to 
the pinion w. which gears with the spur-wheel w, on whose 
shaft there is a pinion that gears with the large spur-wheel j. 
The current is regulated by the small crank a on the 
controller C. This hoist is provided with a patent friction- 
clutch that is operated by the lever /; also the band 
brake /'. ojierated by the lever /. The gear-wheels are 
1 overed with bands c and y, in order to prevent anything 
from falling between them. 

3S. Fig- 12 shows a double independent drum hoist 
having an induction motor j)/ and controller C. which arc 
Hilar to those shown in Fig. 10. The levers for control- 
he patent friction-ilutches and band brakes and the 
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lever on the controller are all placed so as to be conveniei 
for the operator, who stands upon a platfonii above the floi 




in order to get a clear view over the tup of the hoist. Ea 
friction drum is driven through a single- reduction gcarii 




by a 100-voIt 12-pole induction ; 
running at iiOl) revolutions per 



' of 30 hnrscpowi 
ite. E;u-h drum 
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Independent and of 42 inches diameter, has a 40-inch face, 
and will wind about 420 feel of J-inch rope. The maxlnmni 
hoisting speed is 300 feet per minute and the weight hoisted, 

I including load, car, and cage, is 2.100 pounds. The depth 
from which the load is hoisted is 400 feet from the surface, 
a 



ELECTRIC HAULAGE. 



39. General Consideratloo. — Electric motors may 
be employed for operating drums for tail-rope, endless-rope, 
or other haulage systems, but these could not properly be 
called systems of electric haulage, as the electric motors can 
be replaced by engines without affecting the means of 
drawing the cars. In the present treatment of the subject, 
electric haulage is taken to mean a system by means of 

Phich the motors are placed upon electric locomotives and 
avel with the cars. 
40. Haulage in mines is usually accomplished in two 
divisions. The cars are hauled between the shaft bottom 
or outside landing, and the turnout near the working 
places in the mine by means of the main system, and be- 
tween the turnout and the diiferent working places by 
means of mules or horses. These divisions are called the 
general and the local haulage, respectively. The former is 
done in large trips and the latter in small trips of from one 
to ten cars, and consists in hauling the empty cars in and 
the loaded ones from the working place.s. In some mines 
the local haulage, which is often termed satherlnfcis par- 
tially done by electric locomotives; but in such cases, 
electricity is used for running the mining machines, the 
trolley-wire being also used to conduct the current to the 
machines. Gathering with locomotives operated by a trolley 
has not been entirely successful. The storage-battery loco- 
motive is now being c.\pcrimented with and bids fair to 
prove successful in this work. 

41. Advaatages of tbe Electric Locomotive. — 
The compactness of the electric locomotive and the fact that 
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it can run in lower entries ihan either thu steam locomotive 
or the mule make it specially advantageous for mine opera- 
tions. The mechanism can also be better protected from 
ury and is more readily accessible for repair. All worlting 
parts, with theexception of the controlling; mechanism, are 

iractically enclosed in a heavy, rigid, cast-iron frame, and 
.leavy metal or wooden doors on the top of the frame secure 

lie parts from damage by water or falling rock from the 

LWf. 



method) or by a sencs-,-, 
the current passes, on ti 
tlirough a temporary res 
rics. The resistance i 
position of the levt 



.rntnseinent of Mine 

■ted for mine locomotives 
inglc-rcduction-gear type, 
cases containing oil. The 
the rheostat (resistance 
•onlroller. In the latter, 
movement of the lever, 
lien through each motor in 
ut out, either by the next 
ve steps. The motors are 



then thrown in parallel, that is, the current passes through 
each one separately with an added resistance; the final step 
cuts out this resistance. It is evident that with 500 volts on 
the line when the motors are placed in series, each one gets 
the equivalent of 250 volts, and when in parallel, each has 
the benefit of the 500 volts on the line. It is very essential 
that the resistance used with the controller should be of 
sufficient carrying capacity not to overheat if the operator 
carelessly allows the motors to run with the controller in 
such position as to include it. 



43. Apparatus for mines should be constructed with a 
i'ithout chance of breakdown under the 



nfav. 



able conditions rather than under 



proper ones. 



Among careless mechanics and operators there is always 
temptation to neglect the apparatus as long as it will run. 
Too much stress can not be laid upon the importance o( 
constant inspection and attention. 



ai ELECTRIC HOISTING AND HAULAGE. 27 

4. Speed)*. — Electric locuiimtives for mines are gen- 
ially designed to run at speeds nf frura 5 to 10 miles an 
iir, and most of the standard miikes are designed to run 
t 6 miles an hour at their maximum power. 

I 45. Kleclric Locnmotlvew vs. The Mule. — Often 

Ksingle electric locomotive can handle the entire haulage of 
line and replace the work of many mules. The latter con- 
Vntly block each other in main gangways when material is 
■■'Collected from many galleries, and as the output of a mine 
is often limited by the amount of material that can be hauled 
1 ■«! through the main passage, the greater speed of the loco- 
motive and its ability to haul in one load many times the 
number of cars that a mule is capable of will frequently 
greatly increase the output of a mine and materially cheapen 
the genera! cost of production. Then, again, where the 
scam or vein is thin, the locomotive can operate with a 
headroom of 3 feet 6 inches to 4 feet, while the mule will 
require over 5 feet. Another advantage is that the loco- 
motive can work for 24 hours, if necessary, without getting 
tired, while several shifts of mules would be required, with 
the consequent trouble of feeding and accommodating a 
large numlier of animals underground or occasioning delay 
in hoisting them lo the surface. 

46. Electric vs. Rope HauloKc— It is a dilBcult 
matter to compare the relative advantages of rope and loco- 
motive haulage, for this question will depend upon so many 
minor details; but it is certain that locomotive haulage will 
not be available where there are grades of over 5jl, as the 
traction-engine can haul on this grade only about one-tenth 
nf the capacity which it can haul on a level track. The 
energy expended in overcoming the weight of the locomotive 
and cars takes the major part of this capacity. With rope 
haulage, the load factor of the cars is the only one which is 
111 be considered. 

I 47> SIxe ntid Capacity of Rtectric l.ocomntlvcM. 

t-ElfCtric IrxxmoLivcs arc always operatrd by dircct-rurrent 
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motors. Up to ilie present lime no system has been devised 
to utilize tile alternating current to advantage. Electric mine 
locomotives are now made in sizes ranging from 4,000 pounds 
in weight with a drawbar pull of 500 pounds and running 
at a speed of 6 to 10 miles per hour, to SO.WX) pounds in 
weight, 5,500 pounds drawbar pull. They are made in twn 
forms, with outside and inside wheels; that is, the wheels 
are located inside the heavy cast-iron frame in one rase, 
outside in the other. The minimum gauge is IS inches, but 
tracks of this width are not to be recommended. 

Outside dimensions range from 34 inches up. The prece- 
ding tables give the prevailing dimensions- 

4S. EfTect of Grade Upon Capacity. — In modem 
steam-railway practice, a ion weight of train can be hauled 




at 20 miles an hour over 80 to 100 pound rails with good 
ni.idlied for every ;!J pounds of drawbar pull exerted by 
the locomotive. With old-style light rails used twenty years 



I 
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ago (in the larye niilrvad.s, ii drawbar pull of from fl to 
8 pounds per ton was required. In mine buuiage, at least 
80 pounds must be figured on, and wkh careless construc- 
tion and badly oiled and adjusted car axles, this will run to 
75 pounds and over. Attention is called to the diagram, 
Fig. 13, showing the rapidly decreasing capacity of loco- 

(lOtivcs with increase of grade. This is figured on the 
tsis of 20 pounds drawbar puU lo the ton, on level track, 
hich can only be accomplished with rolling stock in good 
mdition. 
4tt. Curves ofler a large increase of resistance to the 
comotive and cars, and consequently they very rapidly 
decrease the hauling capacity with the shortening of the 
radius. Of course, the combination of grade and curve will 
effect the economic operation of the entire road. Under 
any circumstances, labor expended in keeping the track 
and journal-bearings in the best of condition will be amply 
repaid by the greater efficiency and capacity secured. 



f 



ADVANTAGE OF HBAVY HAILS. 



50. In locomotive mine haulage, too much stress can not 
be laid upon the necessity of having the rails of sufficient size 
and weight so that they will not give under the weight of 
the locomotive and ears; also, for permanent working, the 
wisdom of having the best possible truck construction. 

The running of a locomotive or of heavily loaded cars with 
flat wheels over light rails will often effect a permanent 
set in the rail which will greatly increase the frictional loss 
and add to the wear and tear on rolling slock. 

The following table gives the minimum weight of steel T 
rails admissible for the different weights of locomotives. 
These figures arc the minimum allowable, and greater econ- 
omy in operation is effected by a liberal increase in these 
weights. 
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TABLE V. 


1 


Tons. 


Pounds per 
Tard. 


i 


10 


5 


1(1 




n 


20 


^^H 


10 


25 


^^1 


13 


30 
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BXAMPLR8 OF RI.ECTHIC LOCOMOTIVES. 


SI. Fig. 1-1 shows an electric locomut 


ve made by the 


General Electric Company. It is of 40 horsepower and has 


a drawbar pull of 1,500 pounds. The track 


upon which this 


machine runs is made of 30-ponnd rails tied together with 


heavy fish-plates and laid on 6-inch square ties. The troUcy- 


pole, which is held against the trolley-wire 


through all i« 


variations of height by mean 


s of a spring, 


is placed to one 



side in order to have the overhead wire near the side of the 
entry. This form of trolley-pole does not need to be 
changed in position in order to run the locomotive either 
way.- The controller is of the street-car type, and sufficient 
resistance is provided to prevent damage on starting the 
load. A magnetic blowout is used to avoid serious arcing 
at the contacts. 

There arc two motors, one for each pair of drivers. They 
have single-reduction gearing, and each is suspended by two 
bearings on the axle, which are kept well lubricated, and by 
an attachment to the front of the frame, which p>ermits a 
slight lateral and endwise movement in case the main frame 
moves with respect to the axles. With this method of sus- 
pending the motors, one end of each supporting frame is 
practically suspended on springs, for it is attached to the 
main frame which rests upon helical springs placed upon the 
journal boxes, and the other end rests upon the axles and keeps 
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iie pinion on ihearmature shaft always in perfect gear with 

Bthe spur-wheel on the driver shaft, no matter how much the 

Kfront end of the frame supporting the motor may be moved 

up and down while the locomotive is running. The frame 

is made of very heavy cast-iron side and end pieces for the 

purpose of obtaining great weight in order that the locomo- 

^ tive will have sufficient adhesion to the rails. The journal 

^Liboxes are provided with bronze bearings and oil-wells for 



hoiding the saturated cotton waste. The massive frame is 
supported on helical springs resting upon the journal 
boxes. The use of the springs is to relieve the machine and 
rails from destructive shocks, and consequently prevent 
much wear and tear to both. This locomotive, in general 
with other types, is provided with a headlight, sand boxes, 
Lod a good brake. The speed varies from fl to 10 miles per 
mr, depending upon the weight of the load and the grades. 
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52. Fig. 15 shows an electric mine locomotive built by 
the Baldwin-Westinghouse Electric and Manufacturing 
Company. They are built in sizes from 20 to 150 horse- 
power, to run at an average speed of .8 miles per hour. They 
vary in weight from 7,000 to 34,000 pounds. 

53. Mine locomotives are also manufactured so ar- 
ranged that the operator sits in the center of the frame 
between the two axles, being surrounded by the heavy cast- 
ing, and thus protected from injury in case of a collision with 
anything standing on the track. This style of locomotive 
is manufactured quite extensively by the Jeffrey Manufac- 
turing Company, of Columbus, Ohio. 

54. Mine locomotives have generally been made with 
two pairs of wheels, with a motor mounted on each of the 
two axles. A recent type, however, has six wheels, each pair 
with its separate motor, attached by single-reduction gear- 
ing. It is claimed that in this design the weight is dis- 
tributed better over the track, causing less strain to it, and 
that the additional pair of drivers gives a largely increased 
traction. To enable this six-wheel locomotive, with its 
longer wheel-base, to operate on short-radius curves, the 
center pair of wheels are made without flanges, that is, with 
smooth face. 
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ELECTRIC PUMPING, SIGNALING, 
AND LIGHTING. 



PUMPIPiG. 



Hp 1. The dralnafce of mines is one of the most diffi- 
cult problems in mining operations. Even if not encountered 
at the start, water-bearing ground is likely to be met with as 
the work progresses. The pumping plant should always have 
a large reserve capacity, since the extension of operations is 
likely to bring with it a larger amount of water to be handled. 
Where other mines have been operated in the neighborhood 
to greater depth, some light may be thrown on the prob- 
able requirements. Whether the water should be collected 
in the lowest level or pumped from each level separately 
depends on the question whether economy or simplicity is 
the main object, and this may be decided by the amount of 
flow. 

2. Conditions. — The operation of a shaft mine in which 
water collects depends upon the ability to keep the working 
parts free from the accumulation of any large amount of 
water, and the pumps should be constructed and arranged 
so as to offer the smallest possible chance of failure. They 
should be capable of running a long time without requiring 
packing or repair, and the sinking-pumps and those located 
in the lowest level should be capable of running under 
water. Where acid water is encountered or where there is 
much grit in the water, the pump should be capable of 
handling it without too rapid wear. 

The operation of pumps is influenced by many conditions, 
such as the length and size of the suction-pipe, the number 

For nolic* of the cjiyriKhl. «■-■ Iwko immediHttl)' following the liUe |i«ge. 
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of angles or turns in the pipe, the barometric pressure, tem- 
perature of the water, and altitude at which plant is located. 
The smoothness of the inside of the pipe and the diameter 
will also greatly affect the capacity and efEcieucy, 

3. Comparltton of Systems of PumpliiE. — The 
various styles of pumps and the arrangement of parts have 
been quite fully described in Hydromechanics ami lumping. 
The advantages of inside and outside packing, of direct- 
acting and fly-wheel pumps, and other facts regarding 
pumping machinery are there thoroughly treated. For the 
present wc have to deal with electric pumps only; but il 
may not be amiss to state under what conditions the electric 
system is superior to the other systems. If there is but* 
limited amount of pumping to be dune, it is not advisable to 
install any very expensive plant, as the interest on the cost 
might exceed the operating expense, and hence for sucli 
cases the water may be removed by means of water buckets, 
water cars, or pumps driven by steam or compressed air. 

4> St«am Coasumptton of Steam-Pumps. — The 
duty of steam-pumps is approximately as follows : For small ' 
sizes, the consumption of steam is from I3n p-mnds to 
200 pounds per horsepower per hour when operating in the 
workings of a mine at some distance from the boiler. For 
larger sizes of simple steam-pumps, the consumption is from 
80 pounds to 130 pounds of steam per horsepower per hour. 
Compound condensing pumps, such as are commonly em- 
ployed at stations in mines, consume from 40 pounds to 
70 pounds of steam per horsepower per hour, while triple- 
expansion, condensing, high-class pumping-engincs consume 
from 24 pounds to 2(1 pounds of steam per horsepower pet 
hour. From these figures, it will be seen that, especially in 
the case of dipping pumps, which throw water to the main 
sump of a mine, the steam consumption is very great indeed 

5. Steam Consumption of Hlectrlc Pumps. — The 
duty of electrically driven pumps may be taken as folloirs: 
When a compound condensing engine is employed upon the 
surface operating electric pumps underground, the steam 
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tonsumplion per horsepower per hour for the smaller sizes 

■ould be alioiil 40 pounds per horsepower per hour, for 

iium-aiatd electric pumps about HO pounds per horse- 

' power per hour, and for larger sizes from 20 to 30 pounds 

per horsepower per hour. It will be seen from these figures 

that fnr pumping from isolated portions of the mine, electric 

are much more efficient than steam-pumps. 



on 
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Advantages of Electric Pumping. — When 
:am-pumps are employed underground, the pipes are very 
(bjectionahle in the mine, owing to the heat which they 
Impart to the workings. It is also difficult to dispose of the 
ihaust-steam. and the entire system is liable to injuries, 
case of accident, as, for instance, the sudden breaking 
ito the mine of a considerable flow of water, it is difficult 
isemble the pumps or rearrange them so as to meet the 
conditions, on account of the fact that it takes some 
time to couple up the necessary steam or air pipes. The 
objections in regard to heat do not apply to compressed-air 
pumps, hut the objections in regard to flexibility of system 
apply equally. With electric piimps, the system is always 
semiportable, owing to the fact that the conductors can be 
strung easily and quickly and the pump moved with case and 
rapidity. Then, too, when either steam or compre.ssed air 
is employed, there is a great loss in the transmission line, 
owing to the fact that the air can not. as a rule, be reheated 
previous to use and that there is a great condensation in the 
steam line. In the case of electric pumping, the power can 
be furnished by a generator directly connected to an engine 
on the surface, thus affording the most efficient power- 
jeneratjon plant possible. If the mine contains many small 
imps, Ihc total efficiency of the system when driven by 
tctricity will be very much above that of a mine prnvi{lcd 
ith a high-class pumping-engine at the foot of the shaft 
and several compressed-air or steam-driven pumps through- 
out the workings. Another advantage is that the electric- 
ally driven pumps need very little altrntion. rl bemg possible 
lo place tlicm in charge o( some one who simply visits them 
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occasionally to see if they are working properly and to oil 
them. In mines where electricity is used for lighting, elec- 
tric traction, or other power purposes, the pumping system 
fits in to the electric system already installed, and hence the 
whole may form a very efficient arrangement. One ver)' 
important point in connection with electric pumping is that 
electric motors can be arranged to run at a uniform speed 
through a considerable range of load, so that if the pump 
were to work on air at times it would not result in any 
serious damage to the machinery ; while if this occurs with a 
direct-connected steam-pump, there is danger of serious 
hammering or breaking of the pump, owing to the fact that 
the ram or piston jumps forwards on account of the air and 
strikes a destructive blow upon the water. This point is 
very important in the case of pumps placed in isolated por- 
tions of the mine to throw water to the main sump, as these 
pumps are frequently left to take care of themselves for a 
whole day at a time. 

7. Centrifugal Pumps. — Centrifugal pumps may be 
driven by electricity, but they are only suitable for short 
lift.-i, the ni;i.\inuim (-fficiciicy being attained for a lift "I 
approximately 17 feet. Another disadvantage of the cen- 
trifugal pump lies in the fact that it is only efficient when 
driven at the speed for which it is designed to work and 
when operating against the head for which it is designed, 
and any change of speed or head reduces the efficiency 
very rapidly. One advantage of the centrifugal pump is 
that it can safely pass gritty water or even small stones 
without damage. 

8. G«n«ral Construction and Form of Packlnc 
Employed. — Electricity may be used to operate either 

piston or plunger pumps, but for mine work piston-pumps 
are not efficient and are rarely used except in isolated cases 
for dipping from stopes which are below the general drain- 
age level of the mine, the objection to the piston -pumps 
being the rapid wear and consequent leakage from one side 
of the piston to the other. Ordinarily, electric pumps are 
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of the plunger type having outside packing, and may be 
arranged as duplex or triplex pumps, J. e.. two or three 
cylinders placed side by side and so arranged that their 
cranks stand at angles of 90° for the duplex and 120" for the 
triplex. One advantage claimed for the sieam and com- 
pressed-air pumps is that with their use the reciprocating 
motion can be obtained without the intervention of gearing, 
which is necessary in all electric pumps; but the loss due to 
this cause is much less than the loss in the steam or air 
cylinder due to the large amount of clearance in all pumps 
using these mediums which are not provided with fly-whei'Is. 

9. Gearing. — The rotative motion of the motor is 
transformed into a reciprocating motion of the pump by 
means of a series of gears, this being necessary on account 
of the fact that efficient motors can not be manufactured 
which can be run at a sufficiently slow speed so that they 
may be attached to the crank-shaft of the pump. The 
reciprocating motion may be obtained by either single or 
double reduction gearing. In the former case, a pinion 
is attached to the armature of the motor, which engages 
a large gear on the crank-shaft. The latter case is illus- 
trated by Fig. 1, and in this case a pinion on the arma- 
ture shaft drives the large gear c upon the shaft a. The 
gear d is also placed on the shaft « and drives the large 
gear dupon the crank-shaft. In the double-reduction gear- 
ing, a high-speed motor is employed, and an efficiency of 
from 65^ to 70^ of the power delivered to the electric motor 
is obtained in the horsepower output of the water. With 
the single-reduction gearing, an efficiency of from lOf to 
15^ can be obtained for lifts of over 300 feet, below which 
height the efficiency drops very rapidly, becoming G0;( or 
less (or 100 feet, Of course the water is thrown from the 
mine to the surface at a less expense per gallon from the 
shallow opening than from the deep opening, but, as has 
been stated, the total efficiency expressed in foot-pounds is 
less. The discovery of this fact has led more and more to 
the' doing away with the station pumps in the shafts and 
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h;is been influential in increasing the practice of throwing 
iho water to the surface at one lift, even when this is as great 
as 1.300 or 1.400 feet. 

10. The pump shown 
in Fig. 1 is a Knowles 
double-reduction pump 
driven by a 4-pole direct- 
current motor, which is 
mounted upon an exten- 
sion of the pump bed- 
plate, as shown at tht- 
right of the drawing. At 
the left of the drawing, 
cylinders e are shown. 
There are two of these 
cylinders, arranged with 
their cranks at 90?, both 
taking water from a com- 

^ mon suction and discliar- 
2 ging into a common dis- 
charge. This pump is fit- 
ted with inside-packed 
pistons, and hence not 
suited for gritty waters. 
though it may be some- 
what cheaper than the 
plunger type. 

11. Triplex Out- 
side-Packed Pump. — 

Fig, a illustrates a mine 
pump manufartiired by 
thcjancsville Iron Works 
Onniiany, having a large 
U-pole motor mounted 
upon a bed - plale, as 
shown to (he left i.f the 
illustration. This mutnr 
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has a pinion upon its armature shaft which engages the 
large gear-wheel w upon the same shaft with the pinion k. 
The pinion k drives the gear m upon the crank-shaft of the 
pump. There are three cranks, placed at an angle of 130°, 
and the pump has six single-acting, outside-packed plungers, 
three at each end. The cross-heads for working the back 
plungers operate upon tail supports a, as shown at b. These 
cross-heads b are driven by means of parallel rods, which pass 
from the main cross-heads to the rear cross-heads on each side 
of the pump frame. This pump is intended for lifting 1,200 
gallons per minute to a height of 1,100 feet. No air-cylinder 
is employed, on account of the fact that the large number 
cif diplacements causes a practically continuous flow ; but to 
guard against accidents from the stoppage of the column 
pipe, spring relief-valves are placed as shown at c. 

12. Ceater-Paeked Pumpft. ^A slightly different 
form of triples electric pump is illustrated by Fig. 3, which 
is a Worthington pump. The capacity of this pump is 
1,000 gallons per minute against a head of 1,000 feet, 
requiring over 250 actual horsepower. The water end con- 
sists of six single-acting, outside-packed plungers arranged 
in pairs, so that the packing comes between the adjacent 
cylinder-heads in place of at the outside ends of the cylinder- 
heads. This makes the packing a little harder to inspect 
t ban when it is placed at the outer ends of the cylinders, but 
.it the same lime does away with the tail rods and tail-rod 
supports, thus simplifying the machine. Both plungers are 
driven from the ends of the parallel rods, and each plunger 
really acts as a tail rod to support the other, thus doing 
away with the necessity of any guides between the adjacent 

linder-heads. The motive power is furnished by two 
trie motors coupled directly to the countershaft and 
[riving the pump through a double set of single-reduction 
gears. The cranks operating the cro.ss-heads and plungers 
are set at an angle of 120°. 

13. Triplex Pump Without TalKRod Supports. 

pA design of pump intended for comparatively small 
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installations is shown in Pig. 4 Pumps of this style are 
built having a capacity ranging from 300 to 3,000 gallons 
against heads up to 600 feet. Spring relief -valves are em- 
ployed, as in the form shown in Fig. S. The gearing is also 
similar to the form illustrated in Pig. 8, but it will be noticed 
that the rams are not provided with any cross-heads or tail- 
rod supports at the left of the illustration, the packing bush- 
ings being made very long and depended upon as guides. 
The parallel rods for transmitting motion from the front to 
the back rams are shown very plainly, one of them being 
shown for its entire length idong the sides of the pump- 
cylinder. 

14km Slnsle-Redttctlon Gearml Pmnp. — Fig. 5 illus- 
trates a Knowles double-acting, outside-packed plunger- 
pump which is driven by the General Blectric Company slow- 
speed motor and a single-reduction gearing. The capacity 
of this pump is 500 gallons per minute against a head 
of 650 feet. It will be noticed that this pump is provided 
with spring relief- valves and with tail-rod supports for the 
plungers. The gearing is also enclosed in a casing, so as to 
protect the pump runner from injury. The manner of 
placing the motor makes the arrangement very compact. 

15. Partially Enclosed Sinking-Pump. — Fig. 6 
shows an electric sinking-pump provided with a 20-horse- 
power enclosed induction motor m. As this type of motor 
has no commutator or brushes, it can be encased to keep 
out water, and therefore the pump can be worked under 
water as well as above it. The armature shaft and the 
starting lever / pass through stuffing-boxes. This pump is 
of the duplex, double-acting type, and the power is trans- 
ferred from the motor to the pump by means of double-re- 
duction spur-gears, the arrangement of which can easily be 
understood by referring to the figure. The pump is sus- 
pended in the shaft by a cable attached to the eye-bolts tf, 
and fixed in place by the supporting shoulders d. The 
suction-pipe s leads to the sump and the discharge- pi i)e dto 
the top of the shaft, or, in the case of deep shafts, tea 
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in the shaft. The three 
cables f, which are used 
to conduct the alterna- 
ting current to the in- 
duction motor, are well 
insulated and also made 
waterproof. The air- 
chamber /( makes the 
discharge more uniform 
and prevents shocks due 
to sudden changes in 
the velocity of the col- 
umn of water in the dis- 
charge-pipe. 

16. Enclosed Slnk- 
Ins-Puiup. — Another 
electric mine sinking- 
pump is shown in Fig. 
7. It is of the double- 
acting, outside-packed 
plunger type, and is 
protected against dam- 
age from water, mois- 
ture, and hard usage. 
The entire operating 
mechanism is enclosed 
in the case c, making it 
possible, with properly 
insulated cables, for the 
pump to work quite as 
well under water aa 
above it. The motor, 
which is specially de- 
signed for the purpose, 
is further enclosed in a 
waterproof chamber, so 
that if anything should 
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happen lo the outside casing c, the pump would still be 
capable of working when submerged. The only moving 
juns that are visible are portions of the piston/* and plun- 
ger g, yet all wearing parts are easily accessible for repair. 
The pump is raised or lowered by a cable attached to the 
eye-bolt c, and it is fixed in place by engagin^f the supporlsi 
with suitable timbers in the shaft. An air-chamber a is 
placed on the water chest if, into which the pump (lis- 
chatges and out of which the water is forced to the surface 





through the pipe (/. The water is drawn from the siimpai 
the bottum of the shaft through the suction-pipe «. One of 
these pumps with a yO-horsepower motor will dischargt 
250 gallons per minute at ordinary speed against a head "t 
KM) feet. The plungers have a stroke of 8 inches and art 
fii inches in diameter, and the suction and discharge arc 
G and 5 inches in diameter, respectively. The dimensionsci 
the pumj) over all are 30' X 45' X 114', and its weight b 
7,i>nn pounds. 
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17. Portable Pump. — In some mines it is necessary 
to have auxiliary pumps tci drain certain portions of ihe 
mine which are below the level of the main sump. For these 
local or auxiliary pumps, electric power is especially suit- i 
able. In driving wet dip heading;s, it is necessary to have , 
some mechanical means of keeping the water away from the : 
working-face. This is fiften accomplished by bailing the 
water into a water car and hauling it away, or by using 
hand-pumps. Both metho<ls are expensive and often in- ■ 
efficient. With the use of electricity, however, such worit ' 
can be done by the use of portable electric pumps, a hori- 
zontal triplex lype of which is shown in Fig. 8. This pump 
is mounted on an iron truck, which can not be affected by 
moisture and which always maintains the accurate alinc- 
ment of the pump and motor. The pump is made for i 
capacity of from 80 to 20S gallons per minute against a hcaii 
of 300 feel. Such pumps require little attention, as they 
will not. if equipped with proper motors, run lieyond a cer- 
tain speed, even if working on air. Thus, if it is beisg used 
to drain the face of an entry passing a local dip, all the < 
attention it will require will be an occasional niling. 

When ill use, pumps of this type are generally switched 
off the main road into the neck i>f a room or break- 
through. The pipe leading to the sump at the working- 
face or to the body of water to be removed is connected to 
the pump at the opening s and the delivery-pipe to the 
opening at either side of the water chest c, as at a. 

18. Precautions. — It is not wise to touch bare con- 
ductors carrying current at a pressure of over 110 volti 
though serious harm is not apt to result from less than ■T'l 
volts if you arc provided with gloves made of rulit>er or 
stand upon some dry insulating material. This fact should 
be remembered by persons traveling along headings where 
the conductors may be touched by some part of the body. A 
person wearing dry rubber boots or standing on dry wwl 
may touch a single conductor through which a curren! i* 
passing, without injury, provided he does not make contacl 
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ilh the other side of the circuit with some exposed part of 
te body. 

A dynamo or motor may became "charged " by injury to 
le wiring or by some loose coils touching the body of the 
lachine. In such a case, it is exceedingly dangerous to 
lUch any part of the machine, for it will discharge through 
le body into the earth. It is a wise precaution to connect 
le frames of pumps and other machines run by electricity 
I the earth, to prevent their inflicting possible injury to 
liose handling them. 

10. Selection of Puaip. — In selecting the pump for 

jy given duty, the first cost as well as the efficiency should 

! taken into account, as should also the Ttication in which 

is to be used. In some cases, especially in coal-mines, it 

practically impossible to obtain headroom, and hence a low 

iiimp must be employed, while in some metal mines it is 

lUch easier to install a high machine than one that extends 

wer considerable area. For this latter purpose, vertical 

uplex or triplex pumps driven by electric motors are 

!quenlly employed, especially where a comparatively small 

lount of water has to be handled. The simple fact that a 

>ump is very efficient when it is one of a number driven by 

carefully made generator of large capacity does not imply 

lal it will be efficient for a small installation, and for this 

iason, if only one or two smaii pumps are required in the 

line, it is generally much cheaper, both in first cost and in 

inning expense, to install simply a boiler plant on the sur- 

ice and use one or two steam-pumps underground, or to 

se compressed-air pumps and obtain air from the same sys- 

^^em that drives the rock-drills. Then, loo, the additional 

advantage of the improvement of the ventilation by the 

exhaust air from the pumps may have an important bearing 

upon the selection of compressed air as a motive power. As 

a general rule, it may be said that electric pumps should be 

used only where large installations are to be made, so that a 

lumber of small pumps or one or two large pumps may be 

ilied with power from a large generator driven by a very 
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efficient iJiigiiic or wlit^ru iht tuireat can be dcrivi;il fnun 
gcnuralors driven by watcr-wliccls. Anoihcr case in which 
electric piiin[is can he usod to advantage is where tlie cur- 
rent can be obtained from some power i:iiin|»any at an advan- 
tageous rate. Tliis case reaily comes under the formirr, im 
account of the fact thai a power company is able to furIli^il 
the power at a low fit^ire, btiause it sells a great deal vi it 
10 its different customers, and hence large generators of 
high efficiency may lie employed. 
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20. A system of signaling is necessary in all mines hav- 
ing » shaft or slo{>c or in which mechanical haulage is 
employed. The most primitive method used to any large 
extent is that of an iron or steel plate, which is struck by a 
hammer operated by a wire suppfirted at intervals along the 
haulage road or in tbi; shaft. The wire is pnlled by a lever 
situated at either end of the haul or lift. This mechanical 
method, although in nse in many mines today, is rapidly 
being replaced by electric systems of signaling, which arc 
instantaneous and which best meet the various requiremenli 
of modern haulage and hoisting. 

Electric signals are made by bells, lights, telephones, or a 
combination of these. The power for operating these sig- 
nals is generally an electric battery consisting of a number 
of primary cells. 

21. The different methods of placing the bells on the 



I 



circuit are shown in Fig. 9. 
are shown in series in the cii 
it is impossible to get the m; 
bells to properly synchronize 
ring with a weak sound' if al 
and break llit- circuit. Oi 



In Fig. » (j) three bells 



With this 



arrangement, 



kes and breaks at the different 
and the result is that the bells 
the bells are allowed to niakt 

L' method of overcomini' this 
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difficulty is to cut out the make-and-break contact on all 
the bells but one, so that this one bell will be the only one 
interrupting the current in the circuit. The other bells will 
then be compelled to work in unison with the one doing the 
making and breaking of the circuit. Another method of 
overcoming this objection somewhat is by bridging the bells, 
so that a certain portion of the current will pass through 
them irrespective of the position of the hammers. This is 
shown in Fig. 9 ( j), where the bells are put in parallel, and 
in order that each may ring with the same degree of sound. 
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Pig. 9. 

it is necessary that resistances should be ])ut in series with 
each bell, except the one farthest away from the battery d. 
The resistances should be so arranged and proportioned as to 
cause the same current to flow through each bell. In the 
arrangement shown in Fig. 9 (z) there are two batteries 
forming two circuits that have a common path through 
the bell b. As a portion of the current from each battery 
passes through the bell b^ which is the farthest away from 
the source of the power, it is seldom necessary to introduce 
resistance at the bells a and c. 



22. It is well to have the bells placed in parallel for 
signaling in mines, as in this way the bells are not only 



independent of each other, but can be supplied with more cur- 
rent from a given battery, and therefore are more reliable 
and work more satisfactorily than bells coupled up in series- 

23. The method of obtaining the reciprocating motion 
of the bell hammer is shown in Fig. 10. A soft iron core is 
placed within a solenoid or coil of insulated wire, forming an 
electromagnet s, and an armature or piece of soft iron a is 




held between the end of the contact point w and the core c 
by means of a strip of steel, which acts as a spring. In (a) 
the current flows through the wire w, the spring /, thence 
into the solenoid s, and back to the battery. The core c 
becomes magnetized and attracts the armature to it. In 
doing so, however, the electric circuit is broken {6) and the 
core c loses its magnetism, allowing the spring to carry the 
armature a back till it rests against w, when magnetization 
recurs, and so on indefinitely, the hammer A striking the 
bell each time, and it is therefore caused to move in the 
same manner and strike the bell with a rapid succession of 
blows. 
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t for the 



: purpose of g 

a horseshoe 
inagnet, whereby greater 
strength is obtained. The 
wire handle of the hammer /; 
is attached to the upper end of i 
the armature a. The adjust- 
able contact screw s is tipped 
with platinum in order to pre- 
vent oxidation and burning 
from sparks during the makes 
and breaks of the circuit 
The battery terminals are 
connected to the bell by the 
contact screws /, and the 
mechanism is placed in a bo\ 
to keep out the dust and dirt 
The bell * and the hammer // 
which strikes it are, of course 
not enclosed, and for this 
reason it is impossible to keep 
out dust entirely, consequent- 
ly the box should be removed 
occasionally and the mecha- fig. n. 

nism thoroughly cleaned. The bells shown in Figs. 10 and 11 
a re of the vibrating or continuous-ringing type; i. e., so long 
as the bell is connected to the battery by depressing the 
push-button it will continue to ring. For some purposes, it 
is desirable to use atnelc-stroke bells, which will give only 
i>ne ring when the push is depressed. All that is necessary 
to convert a vibrating bell into a single-stroke bell is to con- 
nect the terminals of the magnet coil directly to the binding- 
posts of the bell, so that the current does not have to pass 
through the armature and contact points. When this is 
done, the magnet holds the armature so long as the push 
mains depressed, and each time the push is pressed the 
Ul gives one stroke, thus making it specially applicable for 
lating purposes. 
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25. It is necessary to have circuit-closers, or push- 
buttons, as they arc called, at different points in an electric- 
signal system. One form of push 
button is illustrated in Fig. 12. 
The ends of the line-wire are 
brought up through a hole in the 
wuoden base ii and held under 
the screws on the brass contact 
Springs b, c. The cap d when 
screwed in place holds the but- 
ton e, which on being pressed 
down forces the two springs to- 
gether and completes the circuit. 
causing the bell to ring. This 
Fio. la. type of push-button is operated 

by a single linger, and js not frequently employed for inside 




\ 



nc work. For this latter purpose, a larger type, whieii 
1 be operated by the palm of the hand, is used. 
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2fi. SliEnnI With U round -Connect ton. — The con- 
struction of a circuit showing the relative positions of the 
batteries f, r^, bells i^, fi^, and push-bnttons/, /, is shown in 
Fig- 13. The object of this arrangement is to allow the cur- 
!nt from either battery to pass to the earth and have a 
implete circuit when either of the push-buttons is pressed 
)wn, while but one line-wire is used. The top view (.^i) 
lows the behavior of the current when the button /, is 
■cssed down, and the bottom view (5) when the circuit is 
impleted at the button /. The batteries should be con- 
;ctcd with like poles to ground. 

27. Signal n'lthout tirouml-Cnnnectlon. — Where 
jarth connections are poor, a return wire is used, as shown 




in Fig. 14. The bells Ir, #are in series, and in order to pre- 
vent both push-buttons from being on the same circuit, a 
third wire is necessary. In the lop view {.r) the button a is 
closed, leaving the top wire neutral, while in the bottom view 
{s) the button c is closed, leaving the center wire neutral. The 
^bject of having both bells ring when a signal is sent from 
ither end is to assure the sender thai everything is all right 
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when he presses the button and the bell next him rings. On 
the other hand, if the beil does not ring he knows the signal 
has not been sent and that something is wrong. 

28. SlsnalH for Haulage Roads. — On haulage roads 
it is necessary to provide a system of signaling by which the 
trip rider can have the trip of cars stopped or started at any 
point. Such a system is shown in Fig. 15. Here two bat- 
teries e, i\ and four groinid-connections G are used. Wiih 
the exception of the top wire, this system is the same as that 
shown in Fig, 13, and signals from either end of the line are 
given in exactly the same manner. The two wires which 
run along the roadside are only C or 8 inches apart and par- 
allel to each other. The trip rider carries a short piece of 




s_ 



iron, which he places across the wires at any point where he 
desires to signal the engineer to either stop or start the trip. 
The iron r r \s shown in contact with the wires, and from 
the flow of the currents, which is indicated by the arrows, 
it can be seen that both bells b, b^ will ring. With this 
arrangement, it is not only possible to signal to stop or 
start the trip from any point, but also to signal to either end 
of the road for assistance in case of accident. It often hap- 
pens that the trip rider while on a car that has been derailed 
must signal to the engineer to stop the trip. This fae 
quickly does by reaching out and striking the wires with the 
iron which he holds in his hand. Thus it is seen how neces- 
sary it is to have the wires within the reach of the trip rider 
while on the moving trip. Two rings are generally used to 
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, and three to back up. Any other numbers may be 
ted for other signals which may be found necessary fur the 

and rapid operation of the haulage system in use. 

f 28. The arrangement shown in Fig. IC is the same as 

|iat shown in Fig. 15, except that the top wires are placed 
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r and parallel to each other, so that contact can be made 
between them with the ringer or iron bar r r. This 
arrangement fulfils the same requirements as that shown in 
Fig. 15, but the bells are in 
series instead of being on in- 
dependent circuits, and only 
iie battery is used. 
^30> Where signals must 
received from different 
parts of the mine, as. fur in- 
stance, at the junction of 

^^veral haulage roads where 

^Hp engine is placed, the 

^l^thod of having a cotk' for (^ 

^Rttch road requires a great 
many rings, and is likely to 
confuse the engineer and 
cause accidents. Again, it 
is quite as unsatisfactory to 

have the same code for all P:o. it. 

the roads and bells that have different sounds, because it is 
difficult to construct bells whose siiunds are so distinctively 
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ilifferent that no confusiun or mistake will hiippen. These 
difficulties are largely overcome by the use of a signal code 
and an annunciator, Fig. 17. This annunciator is provided 
with a bell, the particular one shown indicating two places 
nnly. Where a signal has been given, the engineer can see 
immediately from which haulage road it has been sent by 
the pointer on the annunciator. 



31. Fig. 18 shows ifi principle the arrangement of a 
■ysteni of signaling at the junction of four haulage roads. 
It is designed to avoid confusion on the part of the engineer, 
.ind thereby prevent accident or delay. The positive wires 
from the batteries A and the annunciator battery / all unite 
at 0, and each is connected to the operating mechanism of a 
pointer on the annunciator. By the use of batteries at the 
end of the haulage road, a bell can be rung when the push- 
button is closed. This insures the sender that the signal 
has been given to the engineer. The wire c s makes it possi- 
ble for a signal to be given by the trip rider at any point on 
the haulage road. 

The figure shows the condition which exists when the 
push-button d at the end of No. 3 entry is closed. From the 
direction of the current, which is shown by the arrows, it 
will be seen that the bells c and b will both ring, and that 
the pointer S will be deflected, showing the engineer from 
which road the signal has been sent. The instant the cur- 
rent ceases the pointer assumes its vertical position. It is, 
however, often advisable to have the pointer remain in its 
deflected position, for the engineer may be engaged in oiling 
or repairing his engine and be unable to see the annun- 
liator at the moment the bell rings. In this case, it is nec- 
essary to have a convenient mechanical or electric method 
..f allowing the pointers to assume their position whenever 
the engineer has seen the annunciator and operated the 
releasing apparatus. 

In case a double call is received from different entries at 
the same time, the pointer will indicate it, and in order that 
the engineer will be sure i^f the proper number of rings from 
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any urn; statimi. In.- must wait until he 
gets a complete signal in whicli but 
one pointer has been deflected. It is 
often necessary for the engineer to sig- 
nal to the inside stations. This is 
accomplished by means of the push- 
buttons g which are placed on the 
different lines. It may be convenient 
to have the grades of the respective 
haulage roads roughly represented by 
broken lines on the annunciator. When 
this is done, each line is placed to one 
side of the corresponding pointer, so 
that the instant a signal is given the 
engineer can see the grades over which 
the trip must be hauled, and therefore 
be more likely to handle the engine in 
the best manner. 

32. Stsnals In Shafts.— The 

method of signaling in shafts is quite 
similar to that used on haulage roads. 
Fig. 19 shows in principle the arrange- 
ment of a signaling system in a shaft. 
The positive wire passing down the 
shaft is well insulated and run through 
a small pipe for protection. The push- 
button b^ is closed, and from the flow 
of the current it will be seen that both 
bells will ring. The operation of this 
arrangement can readily be understood 
from what has previously been said. 

33. In order that the cage may be 
stopped at any point in the shaft where 
repairing of any kind is required, it 
is necessary to have a system of sig- 
naling from the cage to the engine 
room. There are a number of ways of 
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accomplishing this, but tlie usual meChtid is ihat in which 
trolleys are used. Two wires pass from the battery down 

the shaft, and they are supported at iii- 

tervais with ordinary hangers. A trolley 

runs on each, in a manner like that of a street- 
car or an electric locomotive trolley. In ibis 
way current can be carried to the bell or Iclc- 
phone on the cage and signals given to the 
engineer by a man in the moving cage. 

34. Fig. 20 shows another method iif sig- 
naling in a shaft or slope. When signaling 
from intermediate points by this method, it is 
necessary to connect the middle wire and the 
wire u, a^ by a ringer, precisely as is done in 
liiiulajje systems, The bells i, ^,. placed at the 
top and bottom of the shaft, are in series and 
always ring, no matter where the signal may 
be given. But one battery c is used. The 
push-button », is closed and the current is 
flowing in the outside wires, leaving, in this 
case, the center wire neutral. With this .sys- 
tem, a telephone can not be used on the cagt, 
nor is it an easy matter to send a signal from 
the cage when it is moving rapidly. 

MISCEM-ANGOUS UBTHOIH4 UP SIGXALtKC. 

35. Signal I lie by FIomIi- Lights.— 

Fig. 21 shows a method of signaling by means 
of flash-lights, which is used in the Western 
States. It consists of u switch "cut in " to 
the main circuit at the different levels. When 
any switch is thrown out and in, a flash is pri>- 
diiced in all the lamps on the circuit. If the 
cage is required at any level, the signal cur- 
respunding to that level can be given to the 
station tender, no matter what level he may 
le in turn will give the signal to the engineer. 
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This system is very simple and reliable. It has replaced 
largely the old-fashioned bell-nipe and iht eltiotric bells and 
batterieSjWhiuhgive considerable trouble in deep, wet shafts. 
If lights are inserted in the circuit at different parts of the 
mine, the signals will be flashed throughout the mine, and 
in case it is necessary to signal to the various parts of the 
mine that an accident has occurred, it can easily and quickly 
be done from any switch. This is usually done by giving 
the accident signal, and then following it by the signal of 
(the level on which the accident has occurred. 

3t). Slicnal System With Telephones. — A system 
signaling in which the telephone sujiplemcnts the bells 
and push-buttons is shown in Fig. ?2. A high-grade bridg- 
ing telephone is used, because loose contact in any telephone 
on the circuit does not affect the working of the others, and 
any defect in contact can be readily located and quickly 
fixed. The bells are of the skeleton-frame type with piv- 
oted armatures. They are wound for different resistances, 
depending upon the work they have to do. When the cir- 
cuits are well insulated, the ordinary open-circuit carbon- 
cylinder battery is used, because it is quite strong anil easily 
and cheaply recharged. For circuits poorly insulated on 
account of water and grounds, the Gordon, Edison-Lalande, 
or similar type of battery is employed, because it docs not 
polarize when the line is badly grounded and is less expen- 
sive lo operate under such conditions than the ordinary open- 
circuit battery. On leaky circuits the Gordon batteries have 
wiirked for nearly two years without recharging, while the 
carbon batteries on the same circuits had to be recharged 
about every ten days. 

37. The figure illustrates the arrangement of the sig- 
nals at seven landings in a shaft. Each landing has a 
separate call to the engine room, which rings a bell at the 
same time at the head of the shaft. There is a separate 
call between the engineer and the head tender at the 
head of the shaft. A telephone is placed in the engine 
room arid one at each landing in the shaft. The wires 
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■om the engine room to the shaft head and to the land- 
ings in the shaft are arranged in cables containing one 
No. 14 copper wire and as many No. 18 copper wires as 
arc required. Each wire is insulated with paper and the 
wires properly stranded into a cable, which is well soaked in 
paraffin, wrapped with cotton, and then covered with lead 
^ inch thick, to make it waterproof. A layer of jute 
soaked In asphalt is laid over the lead, and the whole cov- 
ered with a layer of No. 10 galvanized-iron wire armoring. 
That portion of the cable leading from the head of the 
shaft to the engineer's platform is carried through a 2-inch 
iron pipe. The end of the pipe at the head of the shaft ter- 
minates in a heavy oak box, and here the wires of the cable 
are separated and conducted to their proper places. 

38. The telephones in the mine are each placed in a 
large wooden box and located in a dry spot, generally about 
15 feet from the shaft. The box has a hinged door on front, 
with a small opening in it, opposite the telephone bells, and 
covered with a wire screen, so that the foot tender can hear 
the bell with the door closed. The return bell is fastened to 
the outside of the telephone box, which acts as a sounding- 
board, and the wires are brought out through the wood at 
the binding-posts of the bell. By this method the only wires 
exposed are at the terminals of the bells and buttons, and 
these are thoroughly taped. Heavy rubber-covered wire is 
used to make the connections between the cables and the 
bells and buttons and telephones. 

To facilitate repairs, the wires in each jimction-box are 
i-ach designated by a thin copper tag giving the name of 
ihe wire. The No. 14 wire in each cable is the main-battery 
wire, and may be readily picked out by its size. This large 
M'ire lowers the resistance of each circuit, and it is the com- 
mon-battery wire for all the call and reply circuits. The cir- 
1. nils are arranged as shown in the figure. 

The main-battery wire runs to the bottom of shaft, and 
from it the button wires are tapped off at each landing, the 
current returning from the button l/y a separate wire to the 
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aiinuiiciiiLur in lliu cn(;iiic rcjuni uiiii uiiwards to the 
bells, one being at the hea<l »( the shaft and the other atj 
the aniiuncialur. 

The reply bells arc connected by the main-battery wire ii 
mtiltiple to n CMmmon-return wire at the reply side of the 
annunciator, 

Helweeii the engineer and head tender there is a calland- 
reply connection, as shown. The wires from tlie juncliuii- 
h<ix at the head of the shaft arc arranged with the bdls 
and buttons in the same way as for the other outlets. 

3B. The distinctive feature of this system is the annun- 
ciator, which indicates for 7 points that lie in a vertical 
line, and are named for the different veins they represent 
Each ]»oint is located between two magnets, one wound for 
the call and the other for the reply from the engineer. The 
magnets in the reply circuit are connected in series, smhat 
when the circuit is closed by the engineer, the current passes 
through all the magnets, throwing all the drops up to the 
"otf" position and ringing all the reply bells on the line. 
The engineer can not throw up the drops except by ringiii£c 
the reply bells, as the annunciator is completely enclosed. 

All the bells are wound for 20 ohms resistance. The two 
bells in the engine room, besides being separated about 10 
feet, are of entirely different sound, so that there in no pos- 
sibility of any mistake about the rings. The bulls at the 
head of the shaft are arranged in the same manner, one 
being the ordinary gong and the other a bell of the hand 
type. 

The battery is located in a cupboard on the wall of tlu- 
engine room, and the wires are carried from it to the ract 
in an iron pipe. It consists of 18 cells of a carboii-eylindrr 
battery in series, and a space is left at the end of the box lu 
receive the extra telephone wires that are used to conncil 
the two shafts. 

40. In the sliaft. the foot tender has charge of all the 

inside bells, and nn one is allnwcd to ring them without Iii- 
consent. If he is working at a landing and any men wisli 
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to go up or down from another landing, they are required to 
call upon the telephone, and when the footman is ready he 
goes to that landing and sends the men to their destination, 
always staying in charge of the signals. 

Should any one ring from one landing while the footman 
is working at another, the engineer can tell immediately hy 
the annunciator that it was not the footman, and can sec 
just where the ring has come from. 

The telephone is used, however, as it is more satisfactory 
and safer, and does not cause any confusion in the signals. 

The button wires for the engineer are run out through a 
small iron pipe from the rack to a convenient point for the 
engineer, and on the ends of these is fastened a plate on 
which are placed the two push-buttons for the engineer's use. 

-41 . Haulage Block Signal. — A good system of signal- 
ing on a haulage road, common to two or more roads and 
used by several locomotives, is shown in Fig. 23. A switch 
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Fig. 23. 

with a double-handle single-hinged lever is placed at either 
end of the road; one terminal of each switch is connected 
with the trolley-wire and the other with the rail, the center 
of the levers being connected by a wire, in which a lamp 
is inserted near each switch as shown. A spring is so 
attached to each lever that it will insure good contact for 
either position of the lever. Clear lights are used for clear 
tracks and darkness for occupied track. As one or the other 
of the ends of each lever is alwavs in contact, a motorman 
approaching either end of the road can cut out the lamps by 
throwing the lever in the required direction to change the 
contact, and when he reaches the other end, he can change 
the contact again by throwing the lever of the other switch, 
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hich cuts ill the lamps again. The switches may be 
placed at any convenient place on the rib side or the roof, so 
that the matorman can operate the levers while the motor 
going at full speed. 

42. Special Shaft-Sltcnal System. — As an example 
ng to cover the various requirements at a some- 
what complicated shaft, Fig, 24 is given. The grade bell 
intended for signaling the grade of ore to be hoisted, 
as to facilitate the placing of it in its proper bin or 
The cable bells are intended for controlling the 
ibles which operate the surface haulage plant at the shaft, 
le the other bells are employed in connection with the 
:nals for the timber cage, the men's cage, and the ore 
This system is in use at the West Vulcan mine in 
le Lake Superior region. 

' 43. Six strands of wire are used in the shaft, as shown 
I Pig. 24. Five act as main wires and one as a return wire. 
E six wires are tied together every 5 feet, forming a cable. 
This is passed down through an iron pipe. The pipe is made 
tight by a tapered wooden plug, which is split and grooved to 
allow spaces for six wires. The plug is driven into the pipe 
and resin melted and run into the groove around the wires, 
sealing the wires in the pipe. To make sure that the wires 
will not draw through, a clamp is put on them above the 
plug. At each level the wires are brought out through 
a T in the pipe to connect with the buttons; then they are 
passed back through the T again and dropped to the next 
level below. After passing the wires back into the pipe, a 
plug similar to the one previously mentioned is inserted in 
;Jie T and the wires sealed and clamped. 
I All connections are soldered, using the best blowpipe 
blder and powdered resin. After the connection is soldered, 
I is insulated with okonite tape and a heavy coat of Stock- 
tar applied. Then a tight-fitting piece of rubber 
ibing about 4 inches long is slipped over the joint and 
■und at each end with a small copper wire. The connec- 
■• made in this way have siiHsd for the last four months 
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and are in first-class cundition. In the shaft house and the 
stations, for extra protection, a box-casing, painted inside 
and out. large enough for 12 wires, is used. As soon as the 
wires are put in, the cover, which fits snugly, is painted and 
driven into place, making the joints water-tight. This puts 
the wires out of harm's way and makes a neat appearance. 
Fig. 24 shows the system of wiring, which includes seven 
main wires, on which are 47 buttons, and one return wire. 
The main wires each have an 8-inch single-stroke bcII with 
indicator attached, and are operated by four batteries. Two 
of the main wires run only from the shaft hou.w to the 
cable-engine house. The different wires are indicated as 
shown in the figure. 

44, Owing to the fact that the shaft was very wet, 
special wooden casings had to be constructed for the pro- 
tection of the push-button. 
In these cases, the button was 
so arranged that the plunger 
was prcwed upagainst the but- 
ton from below, as shown in 
I 1., •, This rcndt:rcd tiic 
casing self-draining and thor- 
oughly protected it from mois- 
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represents the return wiro, 
which IS connected t'> the iici;- 
ativcpiilcof each battery ami 
'^' all the bells and buttons. 

: for the grade bell has a button on each 
ng the main wire from the positive pole of 
c cable-engine house to the grade bell in 
thence to one of the buttons in the mine, 
urn wire to the negative pole, it will be 
idc bell will ring if any button on this line 
main wire for the timber-cage bell, which 
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the mcn's-cage wire there are two buttons ;ii each station, 
one of which can be rung from the cage. The east-skip main 
wire and the west-skip main wire are also indicated. One 
battery is sufficient for these two lines, as the skips are run 
in balance and only one bell is rung at a time. The main 
wire for the south cable-engine bell is shown. One battery 
answers for the grade bell and both cable-engine belts, as 
they are never rung together. When the system was first 
put in, there were only two batteries, one in each engine 
house on the return wire. The result of putting the battery 
on the return wire is that if a button is pushed on two or more 
lines at a time, the electromotive force on each will be much 
less than when one line is in use, and the bells will not ring 
properly. If the batteries are distributed, the chance of all 
the lines giving out at once is practically eliminated. 

The indicator was designed by Mr. E, Roberts, master 
mechanic of the Penn Iron Mining Company. The hand of 
the indicator is revolved by a ratchet connected by a rod to 
the armature of the bell. The case and hand are the same 
as used for steam-gauges, and the face is a clock dial. The 
hand stops when it reaches 1 1 and may be brought back to (i 
by pulling a cord. It is adjusted to register if the armature 
makes a quarter of its stroke. The object of the indicator 
is to enable the men to see as well as hear the signal. 

ELKCTWIC LIGHTING l.\ MIXES. 

4(i. Where electricity is used in mining, it is generally 
found advantageous to use a portion of the current for light- 
ing. b<)th in the surface plant and the underground work- 
ings. The light is brighter than that given by the miner's 
■ )il lamp or candle, it has no exposed flame to set fire to 
mine gas. requires little or no attention, and can not be 
blown out by draft. Of course, it is not portable to the 
.same extent as a candic or oil lamp, and is, therefore, not 
generally used at the working-face, but f<jr landings, main 
gangways, liirmmN. ,iik1 where machines are li>catcd, it is 
VL-ry useful. 

K 
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IKCANDESCRKT LAMPS. 

47. Tbe Incandescent Lamp. — Incandescent lamps 
give approximately the equivalent in light of one standard 
candlt.' for every 3^ to 4 watts consumed. As there are 
716 watts in a horsepower, this means over 200 candle- 
power per horsepower expended. The lamp most commonly 
employed is of Hi candle-power, but they are made in various 
sizes up lo UMI candle-power. The light emitted by tbe 
incandescent lamp is due to the heating of a tine tilament or 
thread of carbonired vegetable substance by the passage of 
the electric current. The filament is enclosed in a bulb 
from which the air has been exhausted to a high degree to 
prevent rapid oxidation. 

48. Voltage of Lamps. — Incandescent lamps are 
nearly always operated in parallel, i. e., connected directly 
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across the mains ^, y, as shown in Fig. 36. The pressure 
maintained by the dynamo rf is constant, no matter how 
many liijhts may be in operation, and as the lights / are 
turned on, the current delivered by the dynamo increases. 

TABLE L 



^■.)lts. 


Candle-power. 


Amperes. 


5--; 


10 


1.0 


5-2 


:j3 


2.0 
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100 


6.0 


no 


ir, 


.5 


110 


;i2 


1.0 


no 


100 


3.0 



SIGNALING. AND LIGHTING. 



The pressure maintained between the lines is usually in the 
neighborhood of 100 volts. The usual voltage employed 
when lamps are operated on direct-current circuits is 
10 voits. The current required for the operation of incan- 
lescent lamps of the sizes and voltages commonly met with 
I about as given in Table L 

"The current required will vary according to the make of 
he lamp, as some lamps give more light per wait expended 
han others. About 3.5 watts per candle-power is a fair 
(Verage, hence the current taken by a lamp may be 
fetained approximately from the formula 
_ c. p. X 3.5 
''" E ' 



(1-) 



rbere £ is the voltage at which the lamp is operated. The 
vines given in the table are those generally employed 
n making calculations for lines supplying incandescent 
amps. 

AHC l.A\IPa. 
49. Open-Arc Lainps. — Arc lamps are extensively 
Bed for outdoor lighting or in places where very large areas 
ire to be illuminated — as, for example, 
iround the entrance to shafts, etc. Fig. 27 
^hows the appearance of an ordinary arc. 
The carbon rods A, B are first touched to- 
gether and then separated a short distance. 
yA is connected to the positive pole of a 
lynamo and B to the negative, and when 
! carbons are separated, the current 
ises between them, forming the "arc." 
'his causes the carbon-points to become 
sated to a very high temperature, an*! 
'hen direct current is used, the upper -t 
.ive carbon becomes much hotter lh:iii ^ 
lower. The lower carbon becomes 
nted and the upper one has a small 
illow, known as the crtilir, formed in its tip. 
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is the seat of llie greater part of the light, and en this 
account the lamp throws the most intense iUuminalion 
downwards at an angle of about 45". When arc lamps are 
otieratcd on alternating current, both carbons become 
pointed mure nearly alike, and the light js thrown up more. 
On this acconnt, alternating-current arc lamps shonld be 
provided with reflectors. Care should be taken tn connett- 
ing up direct-current arc lamp.^ to see that the upper carl«>n 
is connected to the positive side of the line, otherwise ihe 
lamp will burn "upside down," i. c., the crater will he 
formed in the lower carbon and the light thrown upwards. 
By allowing a lamp to burn for a short time, one can easily 
tell as to whether it is connected up correctly by noting ihe 
shape of the points. The lowrr 
carbon is nearly always fiJit'd and 
the upper carbon fed down by 
means of a clutch or clockwork 
mechanism controlled by ai> 
electromagnet. These lamps are 
termed open-arc lamps, in order 
to (Hstingnish them from the later 
style of enclosed-arc lamp, where 
the arc is enclosed in a small globe 
instead of being open to the air. 
An ordinary arc lamp of 1.2(Xi 
nominal candle-power requires 
about nOO watts for its operation. 
A 2,iHUi nominal candle-power 
lamp requires about 450 watts, 
and the current is usually from 
0. a to 10 amperes. The ordinary 
3, not) candle-power arc lamp re- 
quires a pressure of about 45 or 50 
volts across its terminals in order 
In secure siilisfaetory opcratioa 
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—In this style of lamp the arc is 
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^closed ill a ylass Ijulb, as sliowii in Pig. 'IS. The cnclused- 
■^ lamp is coming very largely into use, because it gives a 
;, steady light and the carbons are ronsumtid at a very 
V rale, on account of their being enclosed in a space 
;rc very little oxygen Is present. As soon as ibe arc is 
arted, the oxygen present in the enclosing globe is soon 
lut, and the gases become so heated that they expand 
iDd pass out through the top around the upper carbon rod, 
:he rod does not, of course, fit air-tight. The result is 
t the arc burns in a partial vacuum, and the rate of con- 
Tiption is so slow that a lamp will burn 150 hours without 
strimming. An ordinary arc lamp will only burn about 
I hours before new carbons are required. For enclosed- 
; lamps a very high grade of carbon must be used, so that 
B decreased cost of trimming is offset to a slight extent 
the increased cost of the carbons. These lamps take 
nailer current (from 3 to G.lj amperes) than the open 
res, and require a corresjKtndingly higher voltage (from 
J 85 volts across the arc). They burn with a long arc, 
because it is necessary to have the carbons separated con- 
siderably, in order to allow the light to be thrown out 
■properly. The carbons burn with flat ends, and do not 
Wcume pointed, as in the open arc. 
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INCANDBSCICKT LIGHTING UV UIRKCT eUKHeWT. 

\ 51. Most of the incandescent lamps used in mines are 
wratcd by means of direct current. Very often the lamps 
e run in connection with the mine-haulage or pumping 
%yBtera and are operated from the same dynamo. It is better 
practice, where possible, not to operate lamps on a mine- 
haulage system, because one side (the track) of such a sys- 



tem is always 
Kfrcuits there is 
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. danger of getting shocks. Thei 
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also more danger of fire, due to defective insulation, than if 
the lamps run on a circuit, both sides of which are insulated 
— as, for example, a regular power or lighting circuit. 

S2. As stated in Art. 48, incandescent lamps are com- 
monly connected in parallel, as shown in Fig. 2ii. If one 
lamp is put out. the others are not affected. For haulage or 
power circuits, the pressure used is usually 350 or 5tK) volts. 
If an ordinary 110-volt lamp were connected across such cir- 
cuits, it would he at once burnt out; hence on 'JAO-Volt 
circuits, we must use two 125-volt lamps connected in scries, 
as shown in Fig. 29. This is known as the multiple- 
Bcrlvn system. When 600 volts is used, five lamps would be 
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connected in series across the lines. Of course in the multiple- 
series system, when one lamp burns out, it puts out the 
others in series with it. With the lamps in multiple, as in 
Fig. 20, there will be A ampere delivered over the line for 
each l(i c. p. lamp connected. With two lamps in series, 
there will be i ampere in the line for each 16 C, p. lamp, or 
Jampere for eacli pairof lamps, and with five lamps in series, 
there will be ^^ ampere per lamp, or ^ ampere for each group 
of five lamps. These current allowances per lamp will be 
found useful in estimating the size of wire necessary to carry 
current to a number of lamps. 
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1-53. Where lights are widely scattered or wlierc it is a 
long distance from the dynamo to the ]>oint where the light 
is usc'd, alternating current is employed, because this cur- 
rent can be generated at high pressure and transmitted over 
the line to a point near where it is to be utilized. The pres- 

ure is then lowered by means of transformers to a pressure 



irried out at 
Fij^. 30, where 



-suited to the lamps and the local distributio 
low pressure. This arrangement is shown i 
G is the alternating- i 

current dynamo sup- i "^ 

plying current at ^ 

high pressure to the „ '^ w 

primary coils of N /li 1 1 — \ 

the transformers T. X ^ I | 

The secondary coils Lj 

are connected to the iW 

lamps and supply M 

current at luw pres- [^ 

sure. The pressure F"=»'- 

generated by the dynamo is usually 1,00(J or 2,000 volts, and 
on account of this high pressure, the primary wires should 
not be carried anywhere in the mine where there is any 
liability of their being a source of danger. The best plan is 
to carry the primary wires to substations, where the trans- 
formers are placed and where there will be no danger from 
the high E. M. F. The current may then be distributed at 
low pressure from these substations, and by adopting this 
method there i.> no more danger connected with the use of 
alternating current than with direct current. Alternating 
current is coming rapidly into favor for use in mines in 
connection with pumping, hoisting, etc., and if properly 
installed, it is equally effective for lighting purposes, allow- 
ing the light to be distributed over wide areas with com- 
paratively small line-wires. In some installations these sub- 
stations are located above ground, and no high-tension wires 
^■batever are allowed in the mine. If. however, properly 
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insulated lii);1i-ti:nsioii cables arc used, there is do rexsun 
why the current can uot be carried safely to a substation 
located in the mine itself. The former is, however, ihe 
safer method, although it involves a somewhat greater 
exjtense for copper. With ] .000 volts on the primary circuit, 
about twenty 10 c. p. lamps can be operated per ampere deliv- 
ered by tile dynamo. With 3,IJfKI volts, abont fc)rty lamps 
on the secondary will call for 1 ampere on tht primary. 



CO.\l»UCTORS. 

54. MatBriul for Conducturtt. — Copper wire or cable 
is used almost exclusively, in connection with mine lightiog, 
for conducting the current from the dynamo to the lamp* 
The lines are usually in the form of solid round copper win;, 
but when extra large conductors are required, stranikd 
cables are used. The different siaes of copper wire are 
expressed according to gauge number, and the gauge m<ist 
generally used in America to designate the different sizesof 
copper wire is the Americiin, or Brown & Sharpe (li. & S 1 
The sizes as given by this gauge range from No. duw, llit 
largest, .4(50 inch diameter, to No. 40, the finest, .WW incli 
diameter. Wire drawn to the sizes given by this gauge is 
always more readily obtained than sizes according to other 
gauges; hence, in selecting line-wire for any purpose, it is 
always desirable, if possible, to give the size required as i 
wire of the B, & S, gauge. A wire can usually be selected 
fniui this gauge which will be very nearly that required for 
any specified case. 

55. Kstlmatlon of Crosit-SeKtlon of Wire*.— The 
diameter of round wires is usually given in the tables in 
decimals of an inch, and the arm of cross-uctioii is given 
in terms of a unit called a circular mil. This is done 
simply for convenience in calculation, as it makes calcula- 
tions of the cross-section much simpler than if the squatt 
inch were used as the unit area. A mil is -^^g^ of an inch. 



L 



or .001 inch. A circular mil is the area (in decimals of a 
square inch) of a circle, the diameter of which is i-^n^ inch, 

or 1 mil. The circular mil is therefore equal to-^ (.001)' = 

.(IO00O0T854 square inch. 

If the diameter of the conductor were 1 inch, its area 
would be .7854 square inch, and the number of circular mils 



I its area would be - 



: 1,000,000; but 1 inch = 



.OOUIIU07854 
1.000 mils and (1,000)' = 1,000,000; hence the following 



er the area of cross-section of a -.vire in circular mils is equal 
to Iht square of its diameter expressed in mils. 

E.XAMPLE. — A wire has a diameter of .101 inch. What is 



.101 inch = 101 mils. 

Henoe. C M = (Wl)' = 10,201. 

Table II, inserted here for convenient reference, gives the 
dimensions, weight, and resistance of pure copper wire. The 
weights given are, of course, for bare wire. The first col- 
umn gives the B. & S. gauge number, the second the diam- 
eter in mils. The diameter in inches would be the number 
as given in this column divided by 1,000. The third col- 
umn gives the area in circular mils, the numbers in this 
column being equal to the squares of those in the second 
column. The safe carrying capacity is also given. Usually 
the wires are strung in the air in mining work, so that the 
column headed "Open" may be taken as the carrying 
capacity. No wires smaller than No, 14 should be used in 
connection with lighting work. 

66. When wires larger than those given in Table 11 are 
Ijuired, stranded cables should be used, because they are 
1 more flexible and easily handled, Table III gives 
me of the standard sizes of cables. 
r. IV.— i.-, 
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TABI.K III. 
tARRVIKG CAPACITY OF CABLES. 
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57. The wires used for supplying the current to lighl- 
fig circuits in mines should be well suppurted on porcelain 
Iisulators. The wire itself is usually covered with a double 

■ triple braiding of cotton soaked in insulating compound. 
IPhere extra good insulation is required, rubber-covered wire 
^ould be used. 

58. Joints. — ^When il is necessary lu make jnints 
>eLween wires, it is important to remember that the work 
ran not be too well done. 
oint be left unsoldered. 
he main, the insulation i 

; cut should not be 
iQade straight down 
K>wards the wire with 
be edge of the knife, 
brming a* sharp shoul- 
ler on the insulation, 
I the knife is very likely to make a nick in the wire, and 



Under no circumstances should a 
When connecting a branch lim 



i shown in Fig. 31 ; • 
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subsequent beiidiug miifhl produce a cratk at this point. 
Such -a fault would increase ihc resistance locally and cause 
heating and, possibly, firo risk. In the iHustration, ihe 
branch wire b, after being carefully bared of insulation and 
scraped clean, is wrapped over the main w, similarly 
exposed. This operation should be done with a pair <if pliers of 
convenient size, and the turns of b should be close together. 
The joint should then be soldered, no acid being used, btii 
resin only, as a flu.\. the reason being that it is impossible 
111 dean off all the acid after the joint is finished, as some 
remains in the crevices and will evcnttiully corrode the wire 
and break the electrical circuit. When the joint is cool, the 
wire is held firmly by the solder; all the exposed wire should 
then be covered by wrapping rubber insulating ta[ie care- 
fully over il, continuing across a short distance on the main 
insulation, It may here be remarked that il is nol so easy 
to make a resin joint as one on which acid is used, whii h 
explains the disfavor in which the former is usually held by 
poor workers. Acid removes grease from the wire, such as 
a careless workman may have smeared on from his fingers, 
but when the wire is not handled after cleaning, n-sin will 
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make a good joint. An alternative method is to tin both 
wires before wrapping, using acid as a flux; then wipe care- 
fully, cleaning thoroughly, to remove all trace of acid, and 
wrap over, using pliers to bend the wire. The joint should 
then be completed with resin as a flux. When two wires 
are to be connected together to form a continuous conductor, 
the Western Union joint, Fig. 32, is employed, the wirts 
being twisted one over the other, soldered, and taped. 

CALCrLATING SIZR OF n'IHE FOR LIGBTIKC CIRCl'ITS. 

Stt. The size of wire required to supply a given number of 
lamps situated a given distance from the dynamo will depenii 
upon Che amount of loss that is allowed in the line. The lo» 
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i the line due t-i its resistance causes a drop in pressure 
between the dynamu and the lamps. Fur example, if the 
resistance of the wire through which the current has to flow 
were A' ohms and the current supplied C amperes, the pres- 
sure which would be used up iti forcing the current through 
the line would be C X ^ volts. This pressure used np in 
driving the current through the wire is spoken of as the 
drop, because the pressure at the end of the line is less or 
drops off by this amount from the pressure at the dynamo. 
If we can afford to allow a large line drop, or, what is equiv- 
alent to the same thing, if we can afford to have a large loss 
in the line, it is evident that we may use a line having a 
large resistance. This means that the wire may be small 
and consequently cheap. For distributing from the dynamo 
to the different centers at which the lights are supplied, a 
drop anywhere from 5 to 15 per cent, of the lamp voltage is 
allowed. For local distribution on the branch circuits 
directly connected to the lamps, the drop should not exceed 
3 or 3 per cent., because if it does the lamps will give a very 
poor light. The aim should be to keep the pressure at the 
different centers of distribution as constant as possible. If 
this is done and the drop in the lines running from the 
centers of distribution to the tamps is small, a good lighting 
service will result, and the life of the lamps will be much 
icger than it would be were the voltage regulation bad. 



When the size of wire for supplying a number of 

S is to be estimated, the distance from the dynamo to 

imps must be known; the allowable amount of drop in 

p line and the current must also be known. The current 

I easily be estimated from the known number of lamps 

1 their candle-power. 

«t C= current supplied over the line; 

L = total length of the line trt feet (i. e., distance to 

lamps and return) ; 
E = voltage at end of circuit where lights are located; 
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# ~ percentage drop (i, e,, percentage of voltage at the 

lamps) : 
A = area of cross-section of wire in circular mils; 

,. , 10.8 X LxCx im ,„ ^ ^ 

th=n. A = ^^^-^ . (2.) ^ 

or A= — ■ 1. . -. (3.) ^ 

volts drop ' ' 

Example. — A certain portion of a mine is to be lighted by MXf 

' 1 0^:11 ndle-power, llO-vult Inmps nml ten 32-canille- power lamps. This 

portion of the mine is I.IMK) feci from the dynamo room, and the drnp 

is not to exceed 6$ of the voltage at the lampE. Find tiie %\te uf kIk 

required. 

Solution. — M 18 c. p. 110-volt lamps require au amperes. 
Id 83c.p. ■■ ■■ ■' 10 amperes. 

Total current, S5 amperes. 
The total length of wire through which the current will flnw will be 
2 X I.OW = 3,(WW feet, because the current has to flow to the lamps 
and back again. Applying formula Z, we have 

A =: — ■ = 137,434 circular mils. Ans. 

By linking up the wire table, wo find that this corresponds to abont 
a N". 00 li. & S. wire. It is very seldom that a wire will figure out so 
as to correspond exactly with any size given in the wire table. The 
next larger size is usually taken rather than the next smaller, unless 
the smaller slzt should be quite near the calculated value. 

lv\.\Mi'[.K. — Current is to l>e delivered to a mine 2 miles distant from 
the power station by means of alternating current at 2,00ft volts. The 
drop in the line is not to exceed 10 i>er cent. Six hundred lamps an 
to be iipi:r:iii-d at the distant end from the secondaries of transformers. 
Ciileiihitu thu si7,c i)f the line-wire required. 

Si>i.rTioN.~Ea(-h am]>L-re on the 2.000-voIt primary lines is equiva- 
lent to 40 lamps on the secondary (see Art. 53); hence the current will 
be ap|)roximalely Yn" — '■"' am]>eres. The total length of line will be 
.I.SNII X 'i X ' — 21,120 feel ; hence we have 



r, X 100 



A = ', ' ' .l = 17,107 circular mils. Ans. 



This lies between a No. 7 and No. 8 H. & S. No. 7 would probably be 
used, so as to allow a margin for additional lights that might be needed 
in the future. 
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ARC l-AMPS <»N CONST ANT- POTENTIAL 

CI HC I ITS. 

" 61. Arc lamps are frequently nm on constant- potential 
or constant-pressure circuits in the same way as incandescent 
lamps. With the older types of arc lamps, it was necessary 
to connect two lamps in series across the llO-volt circuit, in 
order to lake up the full pressure. It will be remembered 
that an ordinary open-arc lamp requires about i5 volts; 
hence if two are connected in series across the line, they will 
take up 90 volts, and the extra 30 volts must be taken up by a 
resistance A', as indicated in Fig. 33, where the arc lamps are 



r 



Ji 
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shown connected, two in series across a llO-volt circuit. This 
method of operating arc lamps is not, on the whule, very 
satisfactory, because the two lamps are apt to interfere with 
each other and not feed properly. This method of running 
open-arc lamps is being rapidly superseded by the use of the 
enclosed-arc lamp. As already stated, the enclo.sed arc 
requires from 75 to 85 volts for its operation and may be 
connected directly across a TOO or 110 volt circuit by the 
insertion of a small amount of resistance. Such lamps are 
very often convenient for use about mines, because they can 
be operated from the same dynamo and off the same mains 
J^bat supply the incandescent lamps. 



PROTECTION A<;A1NST SHORT CIRCUITS. 

Before leaving the subject of lighting as carried out 

a constant- potential systems, it may be well to point out 

; necessity of protecting such systems from Hiiort clr- 

liltn. It must be remembered that the pri?ssurc between 
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the mains is maintained at a conslaiU value by the dynamo 
Com pound -wound dynamos are generally used, and thew 
machines maintain the pressure at a nearly uniform value 
regardless of the amount of current they are called upon W 

furnish. From Ohm's law, C = -n, "t is at once seen that if 

E, the E. M. F., is kept constant, the current will depend 
upon the resistance between the two lines. If the resistance 
is high, the current will be small, but if the resistance is 
very low, the current may become dangerously large. If 
the two line-wires should be accidentally connected together, 
or, in other words, if a s/wrt circuit should be established 
between them, there would be a large rush of current, whiih 
might be sufficient to fuse the wire. Such short circuits are 
liable to occur, on account of accidents of various kinds, iind 
it is necessary to provide s<ime protection against them. In 
lighting work, this protection is generally provided for hy 
means of fuses. These are usually in the form of a rfiorl 
piece of wire or strip made of a soft, fusible metal, which will 
melt and cut out the defective part of the circuit whenever 
the current rearlics a danj^erously high value. 

€3. The fuses are mounted in fuse blocks or cu(> 
outH, and should be placed wherever a branch circuit is taken 
off the main line. A small fuse should also be placed ir 
series with each individual lamp, especially if such lamp is 
hung from a drop cord. 

Fig. 3i shows a cut-out of the kind referred to. It is 
called a rosette cut out and is principally used where a lamp 
drops from the supply wires. The figure shows the inside 
view of the two halves. They are both composed of por- 
celain, upon which metallic connection pieces are screwed 
The half Jl is fastened in place through the holes h and A,. 
The supply wires are connected to the binding-posts / and/,, 
which are themselves connected to the two projecting elastic 
plates of metal c and li. 

The half A has two projecting metallic pieces m and*, 
which hook in under c and (/and make the connections when 
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the two halves are put together. The side view of "i or « 
is given at f. Upon each of these pieces at the end that 
rests against the porcelain is a binding-screw j nr v. Two 
small metallic plates, each carrying a pair of binding* 
screws / and z', or s and y, are screwed upon the porcelain at 
diametrically opposite points, and the lamp conductors, 




entering at hole o, are connected to I'and z. If flexible cord 
is used, it should be knotted under the cap. in order to lus- 
lain the weight of the lamp. Between the two binding- 
screws t and s, as well as between x and y, are respectively 
connected two strips of a fusible alloy. This alloy melts and 
breaks the circuit when the current increases above a given 
value. 

The current starts from one supply wire and flown through 
ii, m, and the alloy or fuse wire x y to s. Then it IIowh 
through the lamp to v, through the fuse wire I i \n t, and 
out to the other supply wire. The two halvenare connecterl 
by a screwing motion, which rubs the contact pieces to. 
gether. 

64. The ordinary form of detachable fuse is shown in 
Fig. 35. The contact pieces a and h am made of «hrrt ii.p- 
per, and are inlended I' 
be clamped by screws t. 

5 tenDJnals providrd foi 
1 ibe fuse blocks 
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A strip c of fusible lead alloy is soldered to each contact piece, 
its cross-section being proportional to the maximum cxirrent 
to be carried, which is stamped on the copper ends. As a 
guide to the carrying capacity of fuses, the following table 
may be consulted, but it is to be pointed out that the fusing 
current depends upon the particular proportion of the metals 
used in the alloy and their selection, also on the length of 
fuse and the character of the terminals. 

TABLE IV. 



Diam. In Mils. 


B. & S. Gauge (Approx,)-' 


Amperes. 


.017 


35 


3 


.020 


24 


4 


.033 


20 


7 


.042 


18-17 


10 


.060 


Ifi 


Ifi 


.(ifis 


14 


18 


.076 


13-13 


25 


.OSS 


12-n 


28 


Jlfld 


11-10 


31 


.111 


1) 


30 


.130 


8 


fiO 


- 1 50 


7-6 


70 



tt5. Fuse blocks are nearly always made of porcelain or 
slate and arc of a great variety of styles, depending upon 
the use to which they are 
to be put, their current 
capacity, etc. Fig. 30 
shows a brancb blcick 
used where a branch circuit 
is to be taken off the main 
line. The mains may be 
connected at w, »«', the 
wires passing under the 
pn.jeccing ledges /, /'. The 
branch wires are secured 
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', The fuses are held helween tlie screws a and />, 
{ and t/. To prevent damage when a fuse "blows" or 

, a porcelain cover is fitted over the face of the block. 
. Fig. 37 shows a main fuse block, the wires from the point 
f supply being inserted at >ne end is it w // md the line 




continued from the terminals m', m' at the other end. The 
fuses are inserted between the screws a and * and between 
£ and (/. The two sides of the circuit are separated by the 
partition/, so that all danger of short circuit is eliminated. 
This fuse block is also provided with a porcelain cover not 
shown in the figure. 

66. When fuse blocks are installed in mines, they should 
always be placed at some easily accessible point, so that they 
may be readily examined and fuses replaced when necessary. 
It is a good plan to place the blocks in a wooden box painted 
with waterproof paint and provided with a hinged door. 



SWriTCHES. 

67. Switches used in connection with incandescent light- 
ing may be of the Hin(Ele-poItt or double-pole variety. 
In the former, one side only of the circuit is opened by the 
switch, while in the latter both sides are opened. Where 
small groups of tights are to be controlled, say 6 or 8 lights, 
a single-pole switch will answer; but where the number of 
lights is at all large, double-pole switches should be used. 
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The most durable type of switch is the knife-blaxle lyp 
described in Art. 123, Dynamos an.i Motors, Parts. Siid 
switches, mounted in wooden boxes painted with wcathet 
proof paint, make a very good arrangement for mininj 
work. These switches are much more durable than the ordE 
nary snap switches, such as are frequently tised in connee 
tion with electric wiring. It is always well to mount th( 
switches, no matter what kind is used, iu a protecting boxol 
some kind. 

68. It must be said, in regard to most of the snap switches 
on the market, that they are very flimsy. Of course sonw 
of them are much better than others, but, as a gem 
rule, they do not stand the hard usage they are liable to gel 
in a mine. For this reason, ^ good substantial knife switcb 
is to be preferred. We give, however, a couple of examplt 
of typical snap switches which, if not abused, will give goo 
service. They have one advantage in that they are moi 
easily operated in the dark than a knife switch. 

69. The style of switch shown in Fig. 38 is suitable foi 
use on circuits where the current does not exceed 50 amperes 

The positive and negative 
leads are brought up 
through the hole in the 
base b and connected onr 
to each of the terminals 
shown by means of thir 
screws s, s'. The leads for 
the lamps are connected in 
a similar manner to cor 
responding terminals on 
the other side of Uic 
switch, and the circuit is 
completed by forcing the arm a into contact with these 
terminals, thereby bridging over the gap between them 
The knob A is fastened to a pin passing vertically ihrough 
the frame/and secured to the springs c, c' at the lowi 
in such a way as to form a toggle-joint. \Vhen the km 
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mpressed, and o 



_4fi A] 



pwards, th 

ing ihe center, they suddenly force the contact arm down- 
wards. In like manner, on pressing the knob down, contact 
ijfi again broken. 

70. Fig. 3E) shows a double-pole switch for 
ts. The cylinder e, made of china or olhe 

substance, has brass 
contact plates p on op- 
posite sides, against 
w hich press brass or 
copper springs when the 
cylinder is in the posi- 
tion indicated in the 
figure. Four terminals 
are provided, lettered 
fl, b. c, d, and the wires 
for connection to them 
are brought up through \ 
the holes in the base, 
one of which is visible. 
The incoming wires, 
positive and negative, fio 3b 

are connected to the termmals b and (/, and the outgomg 
wires to a and c. The sprmgs a', b' ,c ,d are meted to the 
terminals a, b, t, d, respectively, so that when the switch is 
turned to the position shown, the circuit is completed 
between terminals a and b and between c and d. A quarter- 
turn breaks the contact, for the springs then rest only on 
the china cylinder. A cover is provided to enclose the body 
of the switch, the handle alone projecting. 

71. Sometimes it is very convenient to have switches 
arranged so that an incandescent lamp or group of lamps 
may be turned on or off from either of two points. This may 
be accomplished by using two "a-point" switches as shown 
in Fig. 40. /.. L are the lamps to be controlled from the 
two stations A and B. The switches A and B have three 
points, since the coniaci plates a, 11' are connected together 
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and practically form a single terminal. The contact arm of 
the switch is thrown from the position shown to that indi- 
cated by the dotted line when the switch handle is turned. 



£ 
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By tracing out the connections, it will readily be seen that 
the lamps may be turned on or off from either station with- 
out regard to the position of the switch at the other station. 

72. By an extension nf the arrangement just men- 
tioned, lamps may be controlled from three or more stations. 



Fig. 41 shuws liiiw this is carried out f<)r three stations by 
using two ll-point swiiciics jI and (\ one for each end sta- 
tion, and one -l-point switch li for the center station. As 
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1 in ihc figure, the points / and 3, S and 4 of the 
pmnt switch are connected together. When the switch is 
rned. points 1 and S, 2 and 4 are connected, as shown by 
e dotted lines, By this arrangement, the lights may be 
rned on or off from any one of the three stations. This 
:heme can be extended to any number of stations by 
idding another 4-point switch for each additional inter- 
icdiate station. 



SERIES AWCLIGIIT SYSTEM. 

73. All the lighting so far nientii)ned has been carried 
lut on the constant-potential system, the lamps being con- 
;cted in parallel. When 

lumberof scattered arc /' ' --v^ 

imps are to be operated, 
HerlcM system is 
monly used. In this 
: the tamps / are c 
lECted in series, as shown ' 

Fig. 42. The same *'""'■*'■ 

rrent flows through all the lamps, leaving generator G 
the piisitive pole and flowing through each lamp in 
ucccssioii back to the negative pole. In a circuit of this 
:ind, the current must be maintained at a constant 
because the current through the lamps must 
)Iways remain at the same amount if the lamps are to 
operate in a satisfactory manner. If a large number of 
lights are burning, a high pressure must be generated by 
the dynamo {about 45 or 50 volts for each lamp in opera- 
tion). If, on the other hand, most of the lamps are cut out, 
the pressure required will be small, and the E. M, F. gen- 
erated by the dynamo must be cut down, in order that the 
current may remain constant. This is accomplished by 
providing the dynamo with an automatic regulator, which 
causes the E. M. P. generated lo decrease whenever the 
luad decreases, and I'lVr versa. The size of line generally 
id for arc-light circuits is No. i) or 8 B. & S, 




if ■ 



i 



t , 



i:^ 






>i I 



• 



ELECTRIC COAL-CUTTING 
MACHINERY. 



IBLECTRIC COAL-CUTTING MACHINERY. 

1. In the production of bitiiminoas coal, the question of 
decreasing the cost has received much consideration, and 
[the reductions in this respect, as in almost all others, have 
made in large part by the use of labrir-saviny ma- 
cry. Another reason which has led to the introduction 
tof coal-cutting machines is found in the fact that a greater 
toutput can be obtained from a limited territory with more 
sertainty, steadiness, and reliability than can be depended 
iipon when pick mining is used. As the most difficult and 
^expensive operation in connection with the production of 
bituminous coal is the process of undercutting, the greatest 
development has been made in machinery for accomplishing 
this operation. This method of mining is confined to the 
bituminous fields, the anthracite coal being simply blown 
from the solid. 

In order that the bituminous coal may be made into the 
best marketable form, it is first undercut and then blown 
down with as small a charge of powder as possible. Many 
machines have been designed and built to undercut coal; 
^nd machines for this purpose have reached such a degree 
perfection that it can safely be said that a large, if not 
Jie greater, proportion of coal cutting will in the future be 
lone by mechanical means. The flexibility and conve- 
nience of the electric system, together with many other ad- 
ntages peculiar to existing conditions, makes it admirably 
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adapted to the present bituminous fields throughout the 
world. 

In many mines the conditions are more favorable to the 
use of machines operated by compressed air, and where 
such conditions exist there is but one alternative. Then- 
are three principal conditions which partiirularly favor i-oiii- 
pressed-air machines, these being bad roof, explosive gas in 
dangerous quantities, and frequent occurrence of pyritu or 
other hard substance which can be worked around with a 
pick machine which uses compressed air, but which woiild 
break the teeth or other parts of a chain-cutting machine. 
In mines where the roof is bad and it is necessary to place 
the props close to the face, requiring a machine which can 
be operated in very narrow places, the pick, or puncher, 
machine is the only one which can be used. Pick machines 
are usually operated by compressed air, but recently 
electricity has been successfully applied to machines of this 
type. Machines operated by alternating-current motors 
which arc practically sparkles? have been built and several 
plants installed, but this system has proved to be unsuitable 
for machinery designed for this class of work, principally on 
aci-nunC of the danger to men and animals. The few plants 
that were installed are entirely abandoned. The continuous- 
current motor is consequently the only one being used. 



THAXSMISSKIN OF El.IiCTHIC KNKRUY TO 
MIMNG MACHINES. 

2. The llc.\ibility nf the electric system of transmitting 
energy, together with its low cost and high efficiency, makes 
it especially suitable for undercutting machines, which are 
used at the working-faces of the entries and rooms. The 
current is carried through the main and cross entries by 
wires forming a complete circuit with a [xisitive and nega- 
tive side, tiie cross-section of wire used being determined by 
the amount of current required to be carried, this wire being 
supported on glass iiisulators, which are attached to timben 



■83 ELECTRIC COAL-CUTTING MACHINERY. aJ 






or props. From ihc entries the power is taken to the 
rking-faces of the rooms by means of an insulated cable, 
lesc cubles being of sufficient length to reach the face of 
room when it has been worked to its greatest depth. 



3. As it is more economical to transmit power at high 
rh^in at low voltages, this feature in the transmission of 

■ i[.etrical power has received much consideration where it Is 

■ iL'sired to carry power from a central plant to several mines 
which are situated a number of miles from the central sta- 
tion. By using high voltages, small wires can be used and a 
very great reduction in the cost of this portion of the plant 
can be made. In order to transmit power at high voltages, 
it is necessary to use the alternating-current system, and in 
order to adapt this to the direct-current motor on the 
machines or locomotives, it is necessary to transform it to a 
direct current of low voltage. That this may be done, it is 
necessary to employ a rotary transformer or motor generator. 
The advisability of using this system depends entirely upon 
local conditions, and should be determined upon the basis of 

fjnparative initial and operating expenses. 



c 



.. In constructing circuits about mines, care should be 
to place the wires as much out of the way of men and 
mules as possible. There is always danger connected with 

• niing in contact with an electrical circuit, and those who 
irc required to work in connection with construction of cir- 

iiils should be provided with tools properly insulated, wear 
: i[i)ber gloves, and when working with the wire, stand upon 
■ I line insulating material such as rubber or dry wood. Fatal- 
ilii_-s in mines due to contact with wires are rare and gcn- 
-rally in connection with alternating-current machinery. 
The voltage used with direct-current machinery is so low 
[liat very little danger exists from contact with the wires. 
As some persons are more affected by an electric shock than 

'thers, it is best to caution all workmen of the danger of 

Mining in contact with the wires. 
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tiHAlK COAL-Ct'TTIX<; MACHIXBS. 

, Fig. 1 is an illiistratiaii of une of Ihe leading types of 
ictric chain coul-cuttiiig machines, tt consists uf an out- 
side or bed frame and inside or sliding frame and an elec- 
tric motor. The outside or bed frame is made of two steel 
ih;innc!-bars a and two angle-bars A fastened together by 
means of heavy cast and forged steel cross-ties or braces r. 
The feed-racks </. which are made i>{ the best rolled steel 
;ind have machine-cut involute teeth, are firmly bolted to the 
^■■d-f^arae. These racks are made up in sections, so that in 
1 nse a tooth should be broken it can be replaced without 
renewing the entire rack. The rear end of the bed-frame is 
provided with hooks for moving the machine and a cross-bar 
II which rests the rear jack or the brace which passes tu the 
r.ii.f to take the backward thrust of the machine. A heavy 
steel cross girt t joins the channel-bars at the front end of 
the lied-frame. The front jack / is mounted on the cross 
girt and the guides for the center rail of the sliding cutter 
frame are attached to the bottom of it. These guides con- 
sist of two adjustable bronze parts of e.vtra length to give 
large wearing surface for the bearing of the center rails. 
As the floor of a mine is very uneven and would seldom be 
1. vtl enough to allow the machine to have a firm bearing, 
the outside frame is designed strong and rigid, so that there 
can be no bending due to irregularities in the floor. The 
xigidity of this frame does away with the friction caused by 
lighter and less rigid construction. 

The inside or sliding frame is the shape of an isosceles 
triangle with the apex at the rear, and consists of a steel 
center rail, a cutter-head //, and two side chain guides ^. 
This sliding frame is contained wholly, with the exception 
■ 'f the cutter-head, within the stationary bed-frame, which 
arrangement insures perfect protection to persons while it is 
ill operation or when it is being moved from one place to 
:iti..iher. As this frame comes in direct contact with the 
1 II. tl, it is made strong and has large wearing surfaces, and 
^iiiLC its shape is triangular, only three wheels are required 



I 
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for tilt! cutler chuia. two sheaves «r idlers in the cuttcf- 
head and one a driving s(>roclcet Jil the apex of the ftarae. 
The cwiter rail is secured to the sliding carriage oit which 
the elceiric motor is flivccd by means of a steel step cast- 
ing, A holder k is placed in the center of the cutlcr-hwd 
to take a portion of the side thrust of the chain when cm- 
ting coal. The driving mechanism consists of two steel spur- 
wheels and two steel bevel-gears, while the feed and puil- 
hack mechaniBm consists of <i system of worms and wheels. 
The motor M is of the multipolar iron-clad type. The 
field frame is of cast steel and so proportioned as to make a 
compact and symmetrical appearance. The commutator is 
of high-grade hard-drawn copper. The frame of the motor 
surrcjiinds the field coils and armature in such a manner 
that they are thoroughly protected from injury by falls of 
roof or dripping of water. The feed mechanism is auto- 
matically thrown out at the end of the cut and llie cultcr 
frame travels back from the face until it reaches a, point 
where it automatically throws out the clutch and si.ips. 
The machine makes a cut C feet deep in about 34 minutw 
and backs out or withdraws from the cut in a!'->ni 
40 scfond^. Machines of this type are bnilt to iindL-niii 
from 5 to 7 feet deep, 39 to 44 inches wide, and abiml 
4 inches high. 

6. Fig. 2 shows a chain cutter which is constructed in a 
somewhat different manner than the one shown in Fig. 1 
This difference exists principally in the construction of llit 
stationary frame, which is much lighter, and in the position 
of the armature, which is vertical instead of horizonUl 
This machine weighs about S.OOO pounds and will advanc 
while making a cut in the coal in about 4 minutes, and 
return in about 1 minute. On either of the above machinis 
the time of feed or return can be changed by substitulins 
different gears, the ratio of the gearing depending upon tht 
quality of the coal in which the machine is working. The loUi 
length of t^e machine of this type which will undercut li » 
depth of II feet is about 10 feet over all, the height beiot 
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lout 99 inches over all. The width of the machine at 
fie cutter-head is 43 inches over the chain and 45 inches 
iver the bits or cutters, these not being shown in the figure. 
s width across the bed-frame is 24 inches. This enables 
the machine to be loaded on a truck which will run on a 
Blrack having a gauge as narrow as 28 inches. The motor is 
ftof the multipolar type with internal fields. The armature is of 
ihe toothed Gramme ring type with the coils wound in slots 




below the surface of the armature. This, as in the former 
machine, protects the coils from danger by rough usage and 
in case of accident. The field coils are wound on spools that 
slip over the pole-pieces and can be easily removed. 

The gears are made from steel, the teeth being cut out 
of the solid, thus making the gear solid with the shaft on 
which it works. The armature being mounted in a vertical 
ptKsition, the pinion on its shaft meshes with a large spiir- 
gear which carries the main drive sprocket. The speed of 
the chain on this machine is about 273 feet per minute when 
the armature is running at 750 revAutums per minute at 
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an volts. The general tonstiiictii)n of this machine will be 
understood from the description of the previous one. 

The chain nsed on these machines is of the three- posit ion 
fitylp, having up, down, and center position bits. All the 
bits are straight and of the same length, which greatly 
facilitates the redressing and replacing of them. 

7. Much attention hiis been given lately to the cun- 
siruction of electric machines to lie used in mines where 
the seam of coal is low. and such machines have been 
designed, and their installation at many mines has proved 
the practicability uf working machines in scams as low as 
28 inches. Fig. 3 shows one of these machines. It is 
essentially the same as the one shown in Fig. 1. but it is 
much more compact, measuring only IS^ inches over all in 
height. 

H. Another type of the chain-cutting machine is shown 
in Fig. 4. One of the points of difference between this 
machine and those previously described is that all the 
stationary parts of the machine are above the moving and 
cutting parts. The stationary frame is sup[K>rled by a 
shoe at its forward end (not visible in the illustration). 
This shoe is on a level with the lower row of cutting bits, sc 
that the cut is made even with the floor of the room and no 
coal is left to be removed by hand. Another feature of this 
machine is the rollers attached to the rear end to facili- 
tate moving it along the face of the coal. While the ma- 
chine is at work the rollers arc securely locked in place. 
The style of motor is also different from those previously 
shown. The motor, whicli is of the multipolar type, is 
enclosed in a barrel-shaped, dust and water proof iron ca- 
sing. The armature shaft is longitudmal with the machine. 
At its front end is keyed a cut spur pinion 3J inches in 
diameter and having a 3-inch face. This meshes into an 
intermediate gear of steel \A\ inches in diameter and a 
3-inch face, A forged-steel bevel pinion is keyed rigidly to 
^his intermediate gear and meshes into a cast-steel bcvel- 

Hir with cut teeth. This bevel-gear is attached to a sleeve 
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high. Fcir such a depth the height of ihe cut is very low, 
and the amount of small coal made is but GO per cent, of 
that made with pick machines. This is not always an ad- 
vantage. With some coals this small cut is not enough to 
Allow the coal to fall down and out after the blast. It fre- 
quently is necessary for the miners to break down a portion 
of the coal above and near the front of the cut or lift some 
of the coal left on the bottom in order to permit the coal to 
fall well for loading. 

I account of the nature of the work, the machines are 
built to stand a good deal of rough usage, but it is well lo 
impress upon the runner the necessity of taking proper care 
of his machine. The motor in each of the machines de- 
scribed is protected by a dust and water proof casing, and 
; must be taken to keep it so. and such bearings as are 
necessarily eximsed to the dust of the mine should be fre- 
quently cleaned and kept well oiled. The bits should not be 
ftllowcd to get very dull. One of the duties of the pit boss 
should be to see that the runner keeps his machine in good 
working order, and that the supply wire from the entry to 
the machine is properly insulated at all times. 

I 2. The height of the seam influences the facility with 
trhich the machine can be operated. In a S^-foot seam three 
men are usually required to handle a machine to advantage. 
About 35 cuts per shift of 10 hours can be made under such 
circumstances, provided other conditions are favorable, 
while in high seams two men handling the same kind of a 
machine can make about tiO cuts per shift, and under 
iexceptionatly favorable conditions, records of from SO to 130 
cuts per shift have l>een made. The most suitable height of 
seam for machine mining is about 5 feet. 

13. When a ball of sulphur is encountered and the 
machine is stopped by the obstruction or by the operator as 
Boon as he notices that it is being damaged and not likely to 
remove the hard material, it is often found etfecilve to 
■se the machine, in order to clean imt the cut, and re- 
! some of the cutlers which come directly in contact 



H ELECTRIC COAL-CUTTINC. MACHINERY. §33 

with the Hulplnir ball, and finally start the machiuo forwards 
ag:iin. In this way the cutters that are left cut over or 
under the sulphur ball and those which are in line witlt it 
will suddenly take a deep hold, and on account of the in- 
creased speed of tlie machine, possibly rerauvc the sulphin 
entirely and in one piece. The dull and bmktn cuttL-rs arc 
in low scams usually replaced with sharp ones when tlie 
machine is on the heading between the rooms, aa the men 
have here plenty of room to work. This does not inlerffft 
with the gathering drivers, iis the undercutting is generally 
done at niyht, because the minors who arc paid by the nm 
for shooting down the coal and loading it into the mine cars 
oliject to the machines hcing brought into the rooms wliile 
they arc at work. 

14. The truck shown in Fig. 7 istheonc most cocnm.inly 
used with thf cutting machines. In loading the machine. 




the guide i' of the truck is lowered, so that the rear of the 
machine will readily slide on to it, and a hook attached 
to the chain c is placed in the ring provided for it in the 
brace v. Fig. 1, at the rear of the machine, which is finally 
drawn on to the truck by means of the windlass ic that is 
operated by the ratchet-lever /, and when in position is 
ready lu he moved. 
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, 15. I'ig. 8 shows a power truck which is operated by 
! motor of the machine. This truck consists of a well- 

tiilt frame mounted upon axles and filled with whc(;ls. A 
lol with ratchet-wheel, pawl, lever, and chain is mounted 

: end in the same manner as on the standard truck. 




Power is transmitted by a chain to the sprocket-wheel t, and 
thence lu the truck wheels by means of the chain s. The 
machine is equipped with a clutch, which can be thrown in 
and out of gear when necessary. When it is desired to 
utilize the power of the motor to propel the truck, the motor 
is thrown out of gear with the cutting part of the machine, 
so that when moving from point to point about the mine, no 
part of the machine is in motion except that which is neces- 
sary to operate the truck. The motor is equipped with a 
reversing-switch, which allows the truck to travel in either 
direction as desired. This attachment is being rapidly 
adopted, as it facilitates moving the machine about the mine, 
and being entirely independent of a horse or mule, it is 
especially valuable in thin veins and on heavy grades. 



CHAIN-SHEAUING MACHIKRtt. 

I lO. Fig. shows an electric chain-cutter shearing ma- 
ine, which is used principally for entry driving or turning 
rooms from the butt entries; it is also used for shearing 
rooms when it is difficult to make lump coal by blasting 
tlKUt, as the miners term the first shot in blasting down 
coal over the undercut. Without the use of shearing 
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ichines, most of the coal mined in narruw work is quite 
e, because so much powder is required to bring it down. 
lis is especially true of the coal made by the tight shot in 
rrow work. 

This machine is essentially the same as that shown in 
r. 3, except that it is mounted on its edge on a truck and 
ivided with gear mechanism for raising it when necessary. 
is mechanism is driven by the motor, and consists of the 
ipur-gears a at the rear of the machine and a rod that runs 
from these gears back to the column /, which is provided with 
coarse threads. On the end of this rod there is a worm that 
engages a worm-wheel screwed on the column /. When it 
is desired to raise or lower the machine, this set of gears Is 
made to turn the rod and worm-wheel by throwing in the 
friction-clutch / by means of the lever /. As the worm- 
wheel is turned in the proper direction lo raise the machine, 
it presses against a shoulder or cup so pivoted that the ma- 
chine may slightly turn on a longitudinal axis without detri- 
ment to any part of the hoisting device. The machine is 
further steadied by the columns n on opposite sides and the 
rear jacks r. It will be noticed that the truck is rigidly 
attached to the machine. Before making a shearing in an 
entry, for instance, the road can be temporarily shoved to 
one aide, whereby the machine can be run directly to the 
proper place to commence work. The action and method of 
Djierating this machine are precisely the same as that de- 
^icribed for other chain-cutter machines. Each cut made by 
this shearer is 7 feet deep and 3 feet high if desired. 



1 7. Another type of shearing machines is shown in 
Fig. 10. This machine is supported on four columns or 
jacks and is provided with mechanism for raising and 
lowering it. The construction is quite similar to the chain- 
cutter mining machine. There is a bed-frame, sliding chain- 
cutter frame, and a motor carriage. The bed-frame consists 
of two rectangular steel channel-bars and two steel anglc- 
nrs lirmly fastened together hy means of heavy cast-steel 
, A heavy steel casting joins the channel-bars at the 
IV.— Zl 
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front end of the bed-frame and forms ihc jib or guide for 
the cutter frame. At the front extremity of the channel- 
bars two lugs are riveted for supporting the split clamp for 
the front jack. The supports for the main jacks are located 
between the center and the rear of the bed-frame, and the 
bearings for the truck wheels are placed un each side of 
these supports. The cutter frame consists of a steel center 
rail, a cutter head, and two steel guides in which the cutter 
chain runs, 

The motor is of the four-pole type with Gramme ring 
armature and two field coils. The frame cunsists of one 
casting, which protects the armature and coils from water 
and falls of roof. 

To operate this machine, it is first placed in position on 
the floor, the Jacks properly set and adjusted, and the ma- 
chine raised to the top of the vein where the first cut is 
made. Each cut is 7 feet deep, ;i feet high, and 4 inches 
wide, and can be made in from to 7 minutes. 



18. The careful study of conditions and the rapid 
development of the undercutting chain machine has made it 
possible to mine coal with this type of machine under 
almost all conditions, as machines are built for both thick 
and thin seams, to cut in hard material by varying the 
speed of the moving parts, and, in fact, to be used, we might 
say, in any district where bituminous coal is being produced. 
It is true, however, that certain local conditions preclude 
without question the use of a machine of the chain type. 
Such objections are found to be large quantities of iron 
pyrites, occurring in the form of a ball or slab at the bottom 
of the vein where the cutting is done, sharp rolls in the 
fl<»or causing the cutting to be done in the very hard mate- 
rial of which these rolls arc composed, and where the roof 
is bail enough to require the props to be set very close to the 
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face of the coal, thus not allowing enough room in which lo 
work the machine. Also, when the Inclination of ihc vein 
exceeds 13 or 15 degrees, the use of chain machines is im- 
possible. Even at a dip of lU degrees, working with a chain 
machine is frequently difficult and unsatisfactory. To 
obtain the hest results, the floor should l>e level or nearly so. 

In some cases pick machines have been used in mines hav- 
ing a dip of 2a degrees, but the work was slow and difficuli. 
and only the high price of labor made them profitable. Man- 
ufacturers do not care to run the risk of failure in installing 
machines in mines having an inclination uf 15 degrees. The 
first two conditions mentioned militate against the use of 
the chain machine, in that the cutters are not capable of 
disintegrating the material, and either break ur are ground i 
off; after the cutters are incapable of cutting, the machine | 
is fed into the material with such force that great strains I 
and stresses are thrown on the various parts of the machint, 
and unless care is exercised by the runner, damage will be 
done. While the above conditions may exist to some extent , 
in any mine, it does not necessarily follow that the simple I 
fact of their occurrence decides the question of mining by 
machines, and before deciding whether or not machine 
mining is practical, a careful investigation should be made 
by one who is familiar with the use of machines. 

Where most of the mining is done on pillars, as in old 
workings, the chain cutter is seldom used. The great weight ' 
on the coal presses it down upon the machine, and after 
having made a cut it may not be possible to withdraw, io 
which case it is necessary to dig the sliding frame of the 
machine out with a pick. There is also danger of dai 
ging the machine when using it for this kind of work. 
Under these conditions, it is more economical to use the pick 
machine or mine by hand, A similar objection works 
against the chain-breast machines for longwall mininj^ 
too much space is required for them between the gob anJ 
the face of the coal. With a wide space between the i 
and the face, the pressure of the roof is apt to squeeze tht 
coal and wedge the machine. 



J 
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WOUUING CAfACITV OI-' CHAIN CDTTKUH. 

[19. As ihe conditions tinder which a machine is opera- 
Ung determines the amount of work which il can do, it is 
possible to give but an approximate idea of the capacity of 
one of these machines. Il is safe to say that where the 
chain machine can be used it will make from 30 to -10 cuts 
per day, each cut being 4i inches wide and S. fi. or 7 feet 
deep. Allowing for lap in cuts, this would amount to from 
HKi to 150 Hneal feel along the face, or from 500 to 1,000 
square feet undercut. The record for cutting with a 
machine of the chain type is 104 cuts fi feel deep in 9 hours 
and 40 minutes, the distance cut along the face being 
333 lineal feet. In doing this work, the machine was moved 
six times and cut both rooms and narrow places. 

^F 20. Mining by machinery having been adopted so cx- 
I tensively has been the cause of developing machines adapted 
to each system. The limgwall system of mining by hand 
has proved itself to be the most economical where the con- 
ditions are such that this system can be followed. Being the 
most economical to work by hand, the longwall system would 
naturally offer ailvanlages lo machinery which was particu- 
l.iriy adapted for it, and a study of this system has devel- 
oped a machine of the longwall type. The time required to 
tiliift a machine of the chain-breast type is so great that one 
of this kind could not be used, and a machine so con- 
structed that it could cut continually along the fare was 
designed. 

21. Fig. 11 shows one of these machines. As will be 
observed, il is very compact, and is so constructed that 
maximum strength is contained in minimum space. The 
machine consists essentially of three parts: the motor, dri- 
vuig mechanism, and feeding gear. These are mounted 
ii])on two cast-steel angles, which run the entire length of the 
machine. The motor is bolted [o the angles in the middle, 
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Ktie driving mechanism is at one end, and the feeding gear at 
the other; these are further held together by braces, so that 
the machine is thoroughly strengthened throughout. At 
the front left-hand corner of the machine is located the 
cutter wheel. This is made of malleable iron, cast so that 
the teeth in which the driving pinion meshes form a part of 
its periphery ; outside of these teeth are the heavy lugs in 

tvhich the cutters are inserted. The wheel is supported by 
H heavy steel plate projecting from and bolted to the main 
portion of the machine. 

The motor is of the multipolar type, having an iron-clad 
armature and two field coils. The armature lies in a posi- 
tion parallel to the length of the machine. A bevel pinion 
on the end of the armature shaft meshes with a large bevel- 
gear, which is mounted on a shaft at right angles to the 
armature shaft and which carries a bevel pinion meshing in 
the teeth of the large cutter wheel. On the same shaft at 
the opposite end is a pinion which meshes with a spur gear, 
driving a shaft to which is attached an eccentric. To this 
eccentric is attached a rod which passes along the side of 
the machine to across-head, to which is attached a connect- 
ing-rod driving a ratchet, which in turn drives a ratchet- 
wheel geared by a single reduction to a drum, upon which 
is wound a rope by which the machine is drawn or fed 
forwards. 

The cutter wheels are built of different sizes to cut from 
3 to 6 feet deep, the depth of cut depending entirely upon 
the conditions. The width over all of the machine when 
the cutter wheel is embedded in the coal is 3 feet 8 inches ; 
its total length is 7 feet 9 inches; its total height is about 
IS} inches, 

The feeding mechanism, which has already been described, 
is variable, allowing the rate of winding the cable on the 
drum to be changed at will to 8, lU, or 25 inches per 
minute. The wire cable is run along the face of the coal as 
far as is desired, then passed around a sheave attached to a 
jack rigidly set between the roof and the floor, and then back 
t the machine, where it is hooked on the frame at the 

pk shown near the drum. 
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e cast-sluel hox b coinplclely encases ihe gearing and is 
lade oil-light, so ihat thu gears can be run in oil and any 
sibility of cutting avuidcd. 

This machine, when in operation, is mounted on a single 
track or rail, and is known as the single-track type. The 
rail upon which it travels is held in place by suitably 
arranged jacks braced against the roof, and consists of two 
flat bars of iron, one 'i in. x } in. riveted upon the other, 
which is 4 in. X t in., the machine resting upon these by 
two lianged idlers, one at each end of the machine. 

The operator, whose duty it is to sec tiiai the machine is 
working properly and to regulate the speed of feeding, can, 
by means of a hand-wheel, adjust the angle of the cutter 
wheel with respect to the horizontal, thus making ii possible 
to cut close to the bottom and avoid any inipurilies which 
may be encountered, at the same time being able to follow 
the formation of the bottom or floor. 

in addition to the operator, at least two men arc required 
to lay track and remove obstructions. 

This machine has been adopted to a limited extent in the 
United States and very generally abroad. 

22. Another type of longwall machine which has recently 
been successfully introduced into some of the thin-vein mines 
of the Western fields is shown in Fig. 12. This machine has 
for its cutting mechanism an extension arm, around which is 
wound a spiral band of steel with 43 projecting teeth. In 
addition to cutting the coal, this spiral device acts as a 
screw conveyer in cleaning out the under cut. The arm 
can be turned on a pivot, so as to extend from the rear of the 
wheel for renewal of the spiral band and fur starting the cut 
without recourse to hand picking. The motor is operated 
on a two-rail track, the rail next the coal being composed of 
two pieces of angle-bars held 1^ inches apart by shouldered 
rivets set at intervals of IJ inches. This gives the effect of 
a rack bar, which meshes with the toothed wheels on that 
side of the motor. The outside rail and wheels are plain. 
By means ut the handle shown above the right-hand upper 
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wheel, the cutting har may be made to operate up or down 
from a hdrizoiital plane, cutting uver or under ohslruetitms 
in the coal, ami avoiding irregularities In Ihc floor. Each 
outer wheel can be raised or lowered separately. 

Two sets cif rail aroused, one bcinglakcn up and rcM 



THE ClTTTKR-ItAR MACHINES. 

2;i, Tli»? first ck-ctric chain-hreast machine was put on 
the market in 1S!>4, and almost simultaneously by three 
manufacturing conrcrns. Five ycirs before, electricity had 
been successfully applied to a diffurent type of coal-cutting 
machine, which had previously been operated solely by com- 
pressed air. This machine was what was known as the cut- 
ter bar. With the introduction of the chain -cut ting ma- 
chine, the cutter bar liecaine obsolete and its inanufaciuri; 
abruptly ceased; but as some of these machines are still in 
operation in a few mines in the Western States, and as they 
mark an important step in the evolution of the successful 
machine, the student should have some knowledge of their 
construction. 

The stationary frame of the cutter-bar machine was not 
materially difEerent from that of the present chain machine, 
and the perfected type possessed a rack-and-pinlon feed 
mechanisn) similar to that in use on the chain machines. The 
difference lay in the cutting mechanism itself and the direc- 
tion of its nii'vement. The cutting tool consisted of a 
mtatiiij? bar of slcel extending across the forward end of 
the machine. The cutting teeth were inserted in its cir- 
cumference, the second being slightly behind and a little to 
the side of the first, and so <)n, so that the line followed by 
the teeth was that of the thread of a screw. The bar was 
rotated by an endless chain driven by sprockets attached to 
the main driving shaft of the machine. 

It will be observed that in this machine the coal was 
atlackril in a direction at rijjht angles to that of the 
chain machine. The power required to operate it was 
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, considerably more than that iitcrssary for the chain ma- 
line, its rapidity of cutting was less than the chain machine, 
1 raure difGcuIty was experienced in keeping the cut free 
t dirt. The first of these machines was made in l.S7«, the 
1st one in 18H+ 



PICK MACHINES. 

I 24. In applying mechanical means for ihe production 
f coal, the natural form of machine was one built to attack 
the coal in a manner similar to that of the miner with his 
pick, and .this idea eventually produced the machine which 
is commonly known as the " pick " or " puncher " machine, 
and which is the one that was first adopted for mining coal. 
The diflSculty of transforming a rotary lo a reciprocating 
motion has caused many of the efforts to build a practical 
electric pick machine to be unsuccessful ; but such a machine 
has been built, and the following is a description of its work- 

K-ing and construction. There is a wide field for electric 

^■Stachines of this type. 



DESCRIPTIOK OF A PICK MACHINE. 

; 2S. Fig. 13 shows an electric pick machine which has a 
^reciprocating piston actuated by a spring 'and cam, the 
spring striking the blow and the cam drawing the piston 
back. The cam is driven by a motor >n of the toothed 




Gramme ring type. The important feature is the manner 
of connection of commutator to coils, there being no wire 
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that the machine is placed upon a platform which is inclines 
towards the face, so as to neutralize the recoil of the macbilM 
by gravity and at the same time enahle the operator X 
advance the machine easily as the cut deepens. The pita 
strikes from 175 to 235 blows per minute as desired, an 
while in operation the runner directs LMch blow by taWii 
hold iif both handles and sitting upon the platform just ba^ 
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H|f the machine. When necessary he prevents the machine 
Brom running back by pushing a Lluck uf wood, ur simply 
By placing the heel uf his shoe, under one wheel with his 
Hoot. (He usually uses a wixjden "chock " fastened to the 
Bbottum of his shoe.) Only two men are required to operate 
Bchc^machine, one skilled as runner and an ordinary laborer 
bs helper, who shovels away the alack or cuttings from the 
biachine and assists in placing the platforms. In order that 
■the machine can be kept continuously at work, two plat- 
Korms are used. While the one is in use the helper places 
Mhe other one alongside of it, su that the operator can run 
Hbe machine off the one on to the other whenever a cut is 
Kompletcd. 

H 27. In making an undercut, llic runner directs the 

Biachine so as to make a groove at ihc bottom of the coal 

KtKiut 1 foctt deep and 3 or 4 feet along the face, according 

K> the width of the platform and size of the machine. This 

^fartxive is then enlarged by blocking down some of the coal, 

Hcter which the same operation is repeated until the required 

^Kpth is reached. When finished the front of the cut is 

^Riout 12 inches high and the back about 3 inches high. 

This gives the cut a V shape, and causes the coal when 

blasted down with as light a charge of powder as possible to 

roll over in such a manner that the loaders can readily 

attack it. 

28. Pick machines being mounted on wheels can easily 
be shifted or run from one room to another through the 
cross-cuts or break-throughs by the workmen, and in this 
respect they are more convenient than other types, which 
require mechanical means at all times to shift or transport 
them. Frequently, however, pick machines are run on to a 
truck for transportation. 



Fig. 15 shows a pick machine niuunled on large 
%eels for shearing or making vertical cuts in the coal. 
"his machine is in all respects similar to the one already 
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described, extcpt that the wheels a' arc -JO inches in 
diiimettT, II will shKUT i^ feet deep and 4i feet high, or 
higher, il' ihv platform is placed on slack. 




Mt. Fig. Hi shows a machine in position for making a 
shearing on one side of an entry. It will be noticed that 
the lower portion of the shearing is made wide enough for the 
wheels to enter. The operation of the machine for shearing 
is the same as for undercutting. The shearing is made 
after the undercut is finished by simply replacing the small 
wheels with the large ones and operating the machine to 
form a vertical cut, usually along the side, instead of a hori- 
zontal one along the bottom, as is done in regular undercut- 
ting. The truck / is used to carry the machine from place 
to place. It is ntore expensive to shear coal than to blast it. 
but more lump coal is pi-oihiceil with the shearer, and the 
air at the wurkiiijj-facf is rendered impure by the gases 
formed by blasting. 
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CONUITIONS rAVORABLU AKD UNFAVOHAU1.B TO 
PICK MACHINBS. 

31. The pick machine can be used under all conditions 
favorable to mechanical melhrids of mining coal, and the 
only conditions which ]irei.liide its use where luiderciitting 




is necessary arc Uxi great a pilch, too low a seam, and bad 
roof where props must be set up close to the face and in 
great nnmbers. This latter condition affects Ihc pick 
machine less than other types 'if coal-cuiiing machinery, as 
may be seen by referring lo Fiy. 14, where a machine is 
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shown at work aimmg props and cockermegs used lo sup- 
port the undercut portion of the coal. 

32. It can be seen from the construction and method uf 
operating pick machines that they can cut the coal sur- 
rounding any hard foreign matter which may be u-mbcdded 
in the coal, and therefore remove such material without 
injury to the machine. For this reason pick machines are 
suitable for working scams of coal containing b.alls of irnii 
pyriti'S, which will blunt or destroy any steel-cutting twl 
with which ihey come in contact. It is also evident that 
pick machines arc suited to undercut coal on which there is 
a squeeze, 
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33. The amount of undercutting that can be done with 
any pick machine depends upon the Iny and nature of tlic 
coal mined and the tact of the runner. A good eleciric 
pick machine will undercut about 450 square feet in 10 hotirs 
if handled properly, when a miner doing nothing else cauld 
undercut only aboTit 12l» square ffct. In other wnrils, pick 
machines will each cut from 50 to 100 tons of coal per day of 
10 hours in seams varying in thickness from 4^ to 6 feet. 
The cost of cutting coal with pick machines in seams ij feet 
is ap;)ro.\imatcly 10 cents per ton. 

The figures given must not be confounded with phenom- 
enal records which have been made, and which arc the 
exception and not the rule. In Western Pennsylvania a 
compressed -air pick machine has undercut as much as 
1,4(K) square feet in ft hours, and in an 8-foot seam has mined 
as high as 340 tons per shift of 10 hours. 

34. The student should carefully notice that the force 

Willi which the pick strikes depends upon the distance it 
penetrates the coal. For e.Yample, if the pick struck soft 
"mother coal " it would penetrate it for perhaps 1 foot, 
while if it slriirk hard rock it would only penetrate it for 
perhaps } of an inch. In either case the energy stored up 
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it impact would be given up in a distance equal to the depth 

the cut, and therefore since it requires a greater resiat- 

ice to stop the pick in ^ of an inch than in 1 fool, it is 

Slear that the blow is much greater on the rock than on the 

toother coal, altliough the work done on each is tlie same. 



GENERAL REMARKS. 

35. Whatever the methods of undercutting, a greater 

iroportion of lump coal will be obtained in the high seams, 
and for this reason the output of screened coa! per machine 

II be much greater in 
thick than in thin veins. 
But the mcreased cost 
of mining thin veins by 
hand makes the advan- 
tages of machine mi- 
in thin veins much 
^eater than in thick 
ones, It will be seen by 
referring to Fig, 17 that 

le amounts of coal made 

ne by undercutting in 

HO seams A and /•' are 

qua!, because the under- 

als are the same size, 

hich is generally so in S^B=r_ ^ 

iractice. It is best to H'- !■■ 

undercut a seam of coal at least to a depth equal to its 
heigbt, in order to get the best results from blasting. 
When this is done and the undercuts are V shaped, as 

lown, the ratio of the small coal to the lump is approx- 
lately the same for all seams. 

38. From the foregoing it will be plainly seen that each 

toine must adopt the machinery which is especially suited 

t its conditions and that there is hardly a mine to which 

me form of machine can not be applied. Where it is 

P. tV.—28 
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possible to have a long working -face, it is more economical lo 
take advantage of this feature, as the machine can be kept 
constantly at work and less time consumed in moving. But 
where this can not be done, it simply remains lo select the 
best form of machine for the conditions. There is no doubt 
that future methods of working coal will be modified to suit 
mechanical mining, for even with the present methods, 
mechanical mining has proved to bu economical, and with the 
perfection which has been reached ill the construction of 
machinery for this purpose, it is safe to predict that great 
reductions in the cost of production will be made in the 
future by the adoption of new methods of mining and the 
construction of new machinery. 
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It will be noticed that the various Question Papers that 
follow have been given the same section numbers as the 
Instruction Papers to which they refer. No attempt should 
be made to answer any of the questions or to solve any of 
the examples until the Instruction Paper having the same 
section number as the Question Paper in which the questions 
or examples occur has been carefully studied. 
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DYNAMOS AND MOTORS. 

(PART 1.) 




1 a piece of hard 

I a piece of flannel 



(1) Fig. 1 represents a helix of wire around which ; 
electric current is supposed to be circulating in the dire 
tion indicated by the arrows. 
Which of the two ends, a or b, is 

I the north pole of the solenoid ? 
J Why? 

(2) («) What will be the sign of 
I the static charge developed on a 

glass rod when rubbed with fur ? Ib^ < 
I rubber when rubbed with silk ? (c) i 
\ when it is rubbed against a piece of amber ? Give reasons. 

(3) The electromotive force of a battery on open circuit 
[ Is 20 volts and its internal resistance is 30 ohms. What 

will be the strength of current flowing when its poles are 
I connected to an external resistance of 80 ohms ? 

Ans. .1818 ampere. 

(4) The separate resistances of two branches A and B of 
a derived, or shunt, circuit are 10.3 and 14.1 ohms, respect- 
ively. If the sum of the currents in the two branches ts 
6.37 amperes, what is the current in each branch ? 

k. J 2.9G43 amperes in branch A 
8 
ill 



(3.4057 amperes in branch B. 

(fi) Express the equivalent of 3,33 horsepower in watts 

Ans. 1.738.18 watts. 

(6) In a closed circuit, the resistance between two points 

S 8.3 ohms, {a) What current flowing between these points 

irill cause a diflference of potential of 58,4 volts ? {b) What 

cly (oIK.wiiiK the trUo pigo. 
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is the power in walls dissipated between these two points f 
(f) Give its equivalent in hursepower. 

!((i) 25,3913 amperes. 
(*) 1182.8521 watts. 
{c) 1.9877 horsepower. 

(7) In a voltaic couple of zinc and platinum, which mctai 
will be the negative element ? Why ? 

(8) The current in a horizontal conductor is flowing from 
the north towards the south. In what direction will the 
north pole of a compass needle point if the compass is placed 
under the conductor ? 

(it) Fig. 2 represents a closed circuit consisting of a vol- 
taic battery B and two conductors X and 1'' connected in 
series. The internal re- 
I + sistance of the battery is 
17.2 ohms, and the sepa- 
rate resistances of the con- 
ductors A' and V are, re- 
spectively, 8.2 and 11.3 
P'"- »■ ohms. What is the total 

K. M. F. in volts generated by the battery if a current of 
.75 ampere flows through the circuit ? Find the difference 
of potential in volts between rt and i, between d and c, and 
between c and a. 

(Total E. M. P. developed by battery = 37.525 volts. 
Difference of potential between a and i> = 8.475 volts. 
Difference of potential between d and r = 6. 15 volts 
Difference of potential between ^and« = li. 625 volts 

(10) If the specific resistance of silver is .5921 microhm 
per cubic inch, find the resistance in ohms of 1,000 feet of a 
round silver wire .2' in diameter. Ans. .22G2 ohm, 

(11) A voltaic battery whose internal resistance is 36.3 
ohms is connected to a copper wire having a resistance of 
21.7 ohms. What is the total electromotive force in volts 
generated in the battery, if a current of .127 ampere flows 
through the circuit ? Ans. 7.3533 volts. 
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lbs of electricity pass through a 

the strength of current is 8.33 

Ans. fir, 392 coulombs. 



(13) How many couh 
t in 2i hours whc 

nperes ? 

I (13) Given, electromotive force = 112.5 voltsand strength 
( current — 13.3 amperes; find the power in watts, 

Ans. 1,373.5 watts. 

(14) The separate resistances of two branches v^ and B 
of a derived, or shunt, circuit are, respectively, 2.4 and 
yS7.3 ohms. What is their joint resistance in parallel ? 

Ans. 2.3941 ohms. 



t(lS) The resistance of a copper wire is 43.2 ohms at 
" F, ; find its resistance at 85" P. Ans, 45,5274 ohms. 



I 

^^K(lG) The separate resistances of three conductors yl, ^, 
^^nd C are, respectively, 37, 45, and 72 ohms. What is their 
joint resistance when connected in parallel ? 

Ans. 15.8383 ohms. 

(17) The total resistance of a closed circuit is 49.3 ohms. 
If the current flowing through the circuit is 2,73 amperes, 
what is the total E. M. F. in volts developed in the circuit ? 

Ans. 134.589 volts. 

(18) Theseparate resistances of four conductors .<4, i", C, 
and D are, respectively, 3, 19, 72, and 111 ohms; find their 
joint resistance when connected in scries. Ans. 205 ohms, 

(19) (ii) What is the total resistance of a closed circuit 
in which a current of 5.2 amperes is flowing and the total 
E, M, F. developed is 26.2 volts ? (6) If the external resist- 
ance is 7 times the internal, what are the separate resist- 
ances of each ? 

^■^ I (a) The total resistance of the circuit = 5.423 ohms. 

^HLns. J {i) The internal resistance = .C77875 ohm, and the 

^^ ( external resistance = 4.745125 ohms. 

'' (20) How much energy in joules is expended in a closed 

circuit during 1^ hours in which the current is maintained 

at 14,3 amperes, the resistance of the cinuit being 8 ohms ? 

Ans, 7.259,040 joules. 
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Ans. 



resistance R. After these last connections are made, thr 
voltmeter indicates an E, M. F, of 18 volts and the ammeter 
indicates a current of .8 ampere; determine the internal and 
external resistance of the circuit. 

i Internal resistance = 8 ohms. 
External resistance = 32,5 ohms. 
(84) An E. M. F. of 510 volts is consumed in an electric 
receptive device and a current of 24.3 amperes is flowing in 
the circuit; calculate the power in watts supplied to the 
receptive device. Ans. 13.393 watts. 

(35) A battery of twenty-four cells is arranged in multi- 
ple-series as shown in Fig, 7- There 
are four groups of six cells each, 
connected in series, and the four 
groups are connected in multiple, 
or parallel, to two main conductors 
" c- <r and r". If the E. M. F. developed 
by each cell is 1.5 volts, what would 
be the E. M. F. indicated by the volt- 
meter y. M. when its binding-posts 
arc connected tn the main conductors 
c and ,-', as shown in th." fi|^'ure ? 
r. (3C) The available E.M.F. devcl- 

lectric source is 250 volts and a current of 65.7 
owing from it; determine its output in horse- 
Ans. 22.0174 horsepower. 




oped by 
amperes 
power. 

(;i7) A conductor convey- 
ing a current of electricity is 
placed in a horizontal plane 
pointing north and south. If 
the north pole of a compass 
needle tends to point towards 
the cast when the compass 
is placed directly under the 
conductor, in what direction 
is the current flowing in the 
conductor ? 
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I (3S) Fig. 8 represents a horseshoe eleciromagnet M, 
pound which is wound an insulated conductor c c' c'. If a 
mrrent circulates through the conductor in the direction as 
bdicated by the arrows, which of the two ends, a or b, is the 
south pole of the magnet ? 

(3y) A piece of ivory is rubbed with silk and a stick of 
Kaling-wax is rubbed with fur; would the ivory and sealing- 
■ax tend to attract or repel one another when brought near 

her. and why ? 
I (40) The two voltaic elements in a cell are iron and 
graphite. Which of the ex[Kised ends of the two elementr 
s the negative pole or electrode of the cell, and why ? 
Give the names of ail the known magnetic sub- 




placed between the north and 




I (42) A compass C i 
louth poles of two mag' 
lets, as shown in Fig. 'J. 

ards which pok 
^e north pole of the 
lass needle tend to poini 
ind why ? 
(43) A compass C is placed alongside of a bar magnet 
opposite the neutral line, as shown 
in Fig. 10. Towards which pole 
•)i the magnet will the south pole 
of the compass needle tend to 
I""- '"• point, and why? 

(i4) A conductor conveying an electric current is placed 
in a horizontal plane pointing north and south, and the south 
pole of a compass needle lends to point towards the east 
when the compass is placed directly over the conductor. In 
which direction is the current flowing in the conductor ? 
Give reasons. 



(45) In an electromagnet. Fig. 
coil of wire is wound around 
core in a right-handed spir 
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Through which end. a or h, nf the wire must the current 
enter in order to produce the polarity as represented id the 
figure ? Why ? 

(i(!) The resistance of a platinum wire 112 ft, 6 in. long 
is 100.8 ohms; calculate the resistance of 11.7 inches of the 
same wire, other conditions remaining unchanged, 

Ans, ,8730 ohm. 

(47) If the resistance of a round iron wire 0.1' in diam- 
eter is 86. 5 ohms, calculate the resistance of a round iron 
wire .02' in diameter, other conditions being equal in the 
two cases, Ans. 3,103.5 ohms. 

(48) The resistance of a German-silver wire is 91.8 ohms 
at 45" F. ; calculate its resistance when its temperature is 
73" F,, other conditions remaining unchanged, 

Ans, 92,4048 ohms, 

(49) If the resistance of a copper wire is .144 ohm at 
87° F., what is its resistance at 41° F., other conditions 
remaining unchanged ? Ans. ,131 ohm, 

(60) If the specific resistance of platinum is 3.565 
microhms per cubic inch, find the resistance in ohms of a 
round platinum wire 126 ft. long and .1 in. in diameter, 

Ans. .086 ohm. 

(51) The diagram, Fig. 12, represents a particular pattern 
of re si stance -box for a Whealstone bridge, with battery and 
galvanometer circuits properly connected for taking resist- 
ance measurements. An unknown resistance ..V is connected 
to the terminals c and b. After adjusting the resistances of 
the same by withdrawing the plugs, as represented by the 
open spaces between the contacts, the galvanometer shows 
no deflection when the keys k and k' are pressed and the 
battery and galvanometer circuits are closed. Under these 
conditions, what is the resistance otX} 

Ans. 7.23 ohms. 

(52) The total E. M, F. developed in a closed circuit is 
30 volts; the internal resistance is 18 ohms and the external 
resistance is 24 ohms; determine the strength of current in 
amperes flowing in the circuit. Ans. .8571 ampere. 
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A current of 2.7 amperes is flowing in a closed 
:t:uit. If the total E. M. F. developed in the circuit is 
5 volts, what is the total resistance of the circuit ? 

Ans. 4,6f!fi7 ohms. 




(54) The externaj resistance of a closed circuit is 31. fl 
ohms and the internal is llohms. If acurrentof ,8 ampere 
is flowing through the circuit, what is the total E. M. F. in 
volts developed ? Ans, 34 volts. 

(55) A German-silver wire ofifers a resistance of 204 
I ohms. What would be the difference in potential in volts 
j^^etwecn its two extremities if a current of .12 ampere flowed 
^^■irough it ? Ans. 24.48 volts. 
I^B (5fi) The total E. M. F. developed in an electric source 
" is 350 volts. If 10;^ of this E. M, F. is required to transmit 

a current of 80 amperes to and from a receptive device situ- 
ated COO feet from the source, {«) what is the total resist- 
ance of the two conductors, and (d) what is their resistance 
per foot, considering each to be COO feet long 7 

A„,.({-) .ni25ohm. 



( (*) .00026 ohm 



pel 



foot. 
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^67) The internal resistance of a battery is 8 1 ohms ana 
the total E. M. F developed in it is 2* volts. What is the 
available or external E. M. F. of the battery when the 
circuit is completed by an exteraal conductor ofiering a 
resistance of 15.9 ohms? Ans. 15.9 voJts. 

(5^) The separate resistances of two branches A and B of 
a derived circuit are 1.3 and 3.2 ohms, respectively. If the 
aim of the currents in the two branches is 4,5 amperes, what 
is the current in each branch ? 

. ( The current in branch A is 39 11?6 amperes. 
( The current in branch Ji is 15.8834 amperes 

(59) The separate resistances of two conductors are, 
respectively, 45 and G3 ohms; determine their joint resist, 
aiice when connected in parallel or multiple. 

Ans 26.25 ohms 

(60) The separate resistances of three conductors A, B, \ 
and C are 414, 810, and 1,206 ohms, respectively; determine i 
their joint resistance when connected in parallel or in 
multiple. Ans. 233.2534 ohms 




(1) Suppose that a ring-core armature of a bipolar 

dynamo is wound with 3U0 complete turns of wire which are 

properly connected to the segments of a commutator for 

generating a continuous current, and that there are 

^SfiU.OOO lines of force passing through the armature from 

E poles of the field-magiiels. If the strength of the field 

5 constant and the armature is rotated ut a uniform 

>eed of 1,200 revolutions per minute, what is the total elec- 

omotive force in volts generated in the armature ? 

Ans. 260 volts. 

I (2) If the resistance of the field coils in a shunt dynamo 
1 440 ohms, and the difference of potential between the 
brushes when the external circuit is open is 220 volts, what 
is the strength of current in thefield coils? Ans. ,5 ampere. 

(3) What is the distiticiion between an alternating cur- 
rent and a continuous current ? 

(4) Fig. 1 shows a cross-sectional viewof aunifnrm mag- 
neticfield taken at right aiv.;k-s t.. ilu: dir^Tiiun nf tlir liiii^s 
offeree; that is, the d.it-^ 

represent the ends of ihf 

lines of force, their dirci - 

tiun being downwards, 

piercing the paper. C 

represents a closed coil of 

some conducting material, r.'"- 

such as copper, that is ''"■ ' 

placed in the magnetic field with its plane at right angles to 

the direction of the lines of force. If the closed coil is 

I ail 

tunic'ipyrluhi. .ec pags imineillatKl)' (uil.iivlng Ihn lillapnK* 
^. It'.-Sll 
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suddenly moved from its original position to another position 
in the field, as to C\ as shown by the dotted coil, without 
changing the relative position of its plane with the direction 
of the lines of force, state whether or not a momentary cur- 
rent will circulate around the coil when the movement is 
made, and give the reason. 

(5) The efficiency of a dynamo at full load is 88*. and at 
this load it requires an input of 18 horsepower to drive its 
armature. Determine the output in watts under these con- 
ditions. Ans. 11,810.64 watts. 

(6) The output from a certain dynamo is 17.5()0 watts, 
and its efficiency at this output is fi7.5;e. If 2.fi:« of the 
input is used to excite the fie Id -magnets, state the Held U>ss 
in watts. Ans. 520 watts. 

(7) The resistance of the shunt-field coiis of a constant- 
potential dynamo is 55 ohms, and the difference of potential 
between the brushes when the armature is revolving at nt>r- 

■ raal speed is 110 volts. How many watts are required to 
excite the field magnets? Ans. 220 watts. 

(B) What is a commutator and tor what is it used ? 

(0) A field rheostat is connected in series with the field 
circuit of a constant-potential shunt dynamo. When the 
external circuit of the dynamo is open, all the resistance 
of the rheostat is in circuit with the field coils and a current 
of 1.5 amperes is flowing through the field circuit. After 
the external circuit is closed and the current from the arma- 
ture increases, it is necessary to cutout or short-circuit the 
resistance of the rheostat in order to keep the difference of 
potential between the brushes at 3C0 volts from no load to 
full load. At full load, the current in the field is 
1.8 amperes; find the amount of resistance which was cut 
out or short-circuited in the rheostat. Ans. 40 ohms. 

(10) The output of a dynamo is 66,000 watts, and its 
efficiency at this output is 90.5^; determine the input to the 
armature, and express the same in horsepower. 

Ans. 96.2777 horsepoww. 
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(11) Fig. 3 shows the connections of a ; 
&nd the direction in which the field coils are * 

■ent flows in the direction indicated 
by the smail arrow-heads, which of the 
two pole-pieces, P or P' , is the north 
pole ? Suppose that the winding of the 
right-hand coil were reversed, which 
pcile-piecc would then be the mirth 
pole ? 

(12) Define a ring winding and a fig. s. 
drum winding, and point out the difference between the two. 

(13) The input to a dynamo Is U) horsepower and its 
output is 6,341 watts. What is its efEciency at this load ? 

Ans. 85;*. 
(U) Fig. 3 reprf"=i?nf; a ^ni'^s-'^f-rti'iiial view of a uni- 
form magnetic fiel^i 'I'l -■ I'l- i ,|.:r ,■■;! :iri end view of the 





lines of force, their direction being downwards, piercing the 
paper; or, in other words, the observer is looking along the 
lines of force towards the face of a south pole; c represents 
a moving conductor placed in the magnetic field with its 
length at right angles to the direction of the lines of force; 
its two ends are connected to an external circuit consisting 
of the resistance R. If the conductor is moving upwards 
across the magnetic field in the direction as shown by the 
large arrows, in which direction will the current tend to flow 
in the circuit ? 
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(15) A dynamo shows an tfficiency of 85i< when its out- 
put is I1,!)0(I watts, and L8;( of the input is lost in the core 
by eddy currents and hysteresis. What is the core loss in 
watts ? Ans. 252 walls. 

(1(1) (a) What is meant by the counter torque ol a 
dynamo ? (^) What causes it ? 

(17) A dynamo generates 125voitsat a normal load ■»( 
lau amperes output. If the resistance of the armature from 
brush to brush is .OiO ohm, what is the armature loss ill 
waits due to resistance ? Ans. 676 watts. 

(18) In example 17, if the efficiency of the dynamo at 
ibe normal output is 75j(, what per cent, of the input is 
lost in the armature, due to Its resistance ? Ans. 2.S8)(. 

(19) (a) What is meant by the sparking limit of the load 
of a dynamo ? {b) What causes the sparking ? 

(30) In a compound-wound dynamo the resistance of 
the shunt-field coils is 550 ohms, and the resistance of the 
series-field coils through which all the current to the 
external circuit Hows is .04 ohm. The dynamo generates 
550 veils between its brushes when the output is 40 amperes. 
Determine the total number of walls lost in the shunt and 
series field coils combined at this output. Ans. 614 watts. 

(31) Fig. 4 represents the field-magnets of a bipolar 
dynamo with conse- 
quent poles. If the 
field-magnets are 
separately excited by 
the battery B, which 
is connected to the 
four field coils a, 6, c, 
and d, and the coils 
are connected to- 

^"^ * gether in series as 

shown in the diagram, which of the two consequent poles, 
J' or P, will be the south pole of the field-magnet ? 

(22) What causes the neutral points in a dynamo to 
shift when a current is flowing in armature conductors ? 
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(23) The separate losses at full load in a particular 
I'dynamo are as follows: 

Loss in mechanical friction = 356 watts. 
Loss in eddy currents and hysteresis = 178 watts. 
Loss in field coils = 2(i3 watts. 
Loss in armature {C r) = 423 watts. 
All other losses = 50 watts. 

If the output of the dynamo at full load is 15,000 watts. 
determine its per cent, efficiency. Ans. 03.1942j(. 

(24) (a) In example 23, what per cent, of the input is 
llost in mechanical friction ? (d) in eddy currents and 
■ hysteresis? (f) in the field coils? (d) in the armature 

ffires ? (i) What is the total per cent, loss in the dynamo ? 

I {a) 2.1881;^ loss. 
{*) 1.094;^ loss. 
(c) l.r>165j< loss. 
((/) a.5099!* loss, 
(f) 7.8058^ total loss. 
(35) If a certain dynamo generates 440 volts when driven 
Rat aspeed of 1,200 revolutions per minute, what electromo- 
¥tive force will it generate when driven at 1,400 revolutions 
Kper minute, all other conditions in regard to strength of 
■field, armature reactions, and number of armature con- 
Eductors remaining unchanged ? Ans. 513i volts. 

(2C) What limits the output of a constant-potential 
Idynamo ? Why ? 

(27) In Fig. 5, C represents an iron-magnet core around 
which the two coils /*and .?are wound. The coil /"acts as 
K primary coil and is con- ^^ 



i 



ijDected to the terminals 
t and » of a voltaic bat- 
tery B. The coil 5 is, i 
therefore, a secondary coil 
1 its two ends are cn- 
kected lo the terminals .v 

i jr ol an external re- Fro. s, 

^stance A'. A key I- is inserted into the primary c 
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for opening and closing the circuit at will. If the nej 
electrode of the battery is connected to the terminal w in I 
the primary circuit and the circuit is suddenly closed at k, i 
in what direction will the momentary current induced in 
the secondary coil 5 flow ? 

(28) In example 27, suppose that the circuit of the pri- 
mary coil /'was closed until the current in the circuit had 
become perfectly steady and then suddenly opened at k. 
In what direction would the momentary current induced in 
the secondary coil 5 flow ? 

(29) Give two reasons why carbon brushes will spark 
less than copper brushes, under the same conditions. 

(30) Fig. 6 represents a cross-sectional view of a uniform 
magnetic field. The dots represent an end view of 

. .... — ., . . ._ jlje lines of force, 

-i. their direction being 

downwards, piercing 
the paper; or, in 
other words, the ob- 
server is looking 




along the 



of 



The ring C h 
copper, and ii 



force towards the 
face of a south pole. 
sa closed coil of some conducting material, as 
s placed in the magnetic field with its plane at 
right angles to the direction of the lines of force. Imagine 
the coil to be suddenly jerked from its position to one out- 
side the magnetic field, as, for instance, to C\ assuming, of 
course, that its plane is kept always at right angles to the 
direction of the lines of force. Will a momentary current 
be produced in the closed coil, and if so, in which direction 
will it circulate around the ring ? 

(31) What is a compound-wound dynamo, and why are 
dynamos compound- wound ? 

(32) If a conductor cuts 8,000,000 lines of force in one- 
quarter of a second, what is the rate of cutting per second? 
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(33) State why a solid piece of iron will not answer for 
I revolving armature core. 

(34) Suppose that a drum-core armature is wound with 
BSO complete turns of wire which are properly connected to 

3ie segments of a commutator for generating a continuous 

pturrent, and the armature is placed in the field-magnets 

■■of a bipolar dynamo. If there are 2,60(1,000 lines of force 

passing through the armature and the armature is rotated 

at a uniform speed of 1.020 revolutions per minute, what is 

hUic difference of potential in volts between the brushes id 

)en circuit? Ans. 127.5 volts. 

(35) In a particular dynamo, if an electromotive force 
[ 300 volts is generated when there are 750,000 lines of 

Eforce passing through the armature, what electromotive 
force would be generated if the strength of the field were 
Increased so that 1,250,000 lines of force passed through the 
irmature, assuming that all other conditions as to speed, 
^limber of conductors, armature reactions, etc., remain 
mchanged? Ans. 333^ volts. 

I (36) To what are the following losses in a dynamo due: 
p) core loss ? (i) armature loss ? (r) field loss ? 

(37) In Fig. 7, the observer is looking at the face of a 
irth magnetic pole A', and 
straight conductor C is 
'placed in a vertical position in 
"ifont of the pole with its length 
>t right angles to the direction 
the lines of force as they pass a 
'Out from the pole. If the two 
ends of the conductor are con- 
bected to the terminals of the 
battery B, and a current flows 
through the circuit thus formed 
in the direction indicated by the 
arrow-heads, towards which side, a 
the conductor tend to move ? 



y ft - 



^the 



i, of the pole face will 



(3S) In a shunt dynamo, if the resistance of the field 
coil is C50 ohms and the difference of potential between the 
brushes remains constant at 5'iB volts when the armature is 
rotated at a constant speed, what is the strength of current 
in the field coil under these conditions ? Ans, .8076 ampere. 

(30) A compound dynamo generates 115 volts between 
its terminals when no current is flowing into the external 
circuit. At full load, however, the difference of potential 
between its terminals is 124.2 volts. What j>er cent, over- 
compounding do these figures represent ? Ans. 8^. 

(40) Define an open-coil winding and a closed-coil wind- 
ing, and point out the difference between the two. 

(41) If it requires 44 horsepower to drive the armature 
of a dynamo when it is delivering 29,820 watts, what is the 
efficiency of the dynamo under these conditions ? 

Ans. 90.8481!* efficiency, 

(42) Find the total per cent, of the input lost in a 
dynamo when it is delivering 17,500 watts, if it recjuires 
20,000 watts to drive its armature shaft at this output. 

Ans. 12.5^ total loss. 

(43) The efficiency of a dynamo at its rated output of 
12,500 watts is 92.5;^. Determine the number of horse- 
power input necessary to give this output. 

Ans. 18.1146 horsepower, 

(44) What becomes of the heat generated in a dynamo 
armature ? 

(45) If 65 horsepower is the input to a dynamo and its 
efficiency at this input is SS.S;^, find its output in watts 
under these conditions. Ans. 36,311.55 watts. 

(4(i) The input to a generator is 45 horsepower, and 2< 
of this input is lost in exciting the field coils. State the 
field loss in watts. Ans. 671.4 watts. 

(47) State the differences of separately-excited, shunt. 
and series-wound dynamos. 



§ 29 DYNAMOS AND MOTORS. 9 

(48) The core losses in a particular generator amount to 
800 watts and the input to the generator is 64 horsepower 
at full load. Determine the per cent, loss in the core at 
this input. Ans. 1.6766^. 

(49) Why must the brushes of the dynamo be shifted 
ahead of the neutral point when operating under load ? 

(50) What is the difference between a consequent pole 
and a salient pole ? 
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(1) (a) What is a translormer ? (d) For what purpose 
s a transformer used ? 

(2) What is the relation between the counter E. M. F., 
Kthe applied E. M. P,, and the drop or fall of potential, in a 

direct-current motor armature 7 

(3) How can a short-circuited coil in an armature wind- 
ing be detected ? 

(4) Which form (ring or drum) of armature winding is 
Bjnost generally used for alternators } 

(5) Why will an ordinary series-wound dynamo, without 
regulating devices, not give a constant current through a 

tircuit of varying resistance ? 

(6) What causes the current in an alternating-current 
bircuit to lag behind the E. M. F.? 

(7) What is meant when two alternating currents are 
laid to differ in phase ? 

(8) Suppose that a direct-current motor when running 
Stows a flash at each brush once in each revolution, and on 
aamination it is found that one of the commutator seg- 
ments is blackened and burned quite badly. What is the 
(rouble ? 

(y) What causes an ordinary series-wound motor to race 
run away (a) when connected in a constant-current 
^rcuit ? (*) when connected to a constant-potential circuit 
md all the load removed ? 

> (10) {a) What is meant by a i:j'c/e in speaking of an alter- 
Bting current? (^) What is meiint by \h,K. frequency of an 
ueraating current ? 

S30 
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(11) How is the Thomson- Houston constant -current 

dynamo regulated to give a constant current ? 

(12) What is the effective strength of an alternating 
current ? 

(13) A certain series-wound motor is tested with a Prony 
brake, the distance from the center of the shaft to the point 
where the arm of the brake restson the scale platform being 
36 inches. The brake is tightened until the pressure on the 
platform is 27 lb., when the following readings are taken; 
Current to motor, 25 amperes; volts at terminals, 480; speed. 
Olio R. P. M. (fl) What is the output of the motor in H, P.? 
(b) What is its efficiency at this output ? 

1 (A) sc.'js;. 

(14) Why will an alternator armature not start to turn 
if supplied with an alternating current from somi; external 
source, the fields being excited ? 

(15) In a bipolar shunt motor with two field coils, one of 
the field coils becomes short-circuited, (a) What is liable 
to happen to the other coil ? ifi) Why ? 

(16) Draw a diagram showing the connections of a shunt- 
wound motor with main switch, reversing-switch, starting 
resistance, and fuse boxes. 

(17) How may the speed of a direct-current motor be 
varied ? 

(18) Why is the resistance of a circuit having self-induc- 
tion apparently greater with alternating currents than with 
continuous ? 

(1ft) When two coils or sets of coils in an open-coil 
constant-current armature are connected in parallel by the 
brushes, and the E. M. F. in one coil is less than that in 
the other, why does not a current flow from the coil having 
the higher E. M. F. around through the other ? 

{■^(») What operations would be gone through with in 
cutting out circuit No. If and plugging in circuit No. / in 



B30 



DYNAMOS AND MOTORS. 



series with No, 4 on dynamo B, using the switchboard rep- 
resented in Fig, 48, Art. 115, and starting with it in its 
present condition? 

(21) A four-pole shunt-wound motor is installed in a 
certain shop, but on trying to start it, it is found that no 
current will flow through the field coils, although the circuit 
to which they are connected is alive. (a) What is the 
trouble ? (b) How may it be located ? 

(23) (rt) What three general methods of regulation are 
gised with closed-coil constant-current dynamos ? (/') Which 
f the three is most generally used f 

(23) In a certain three-phase alternator, at a certain 
rinstant, the current flowing out through one of the brushes 
I is 10 amperes, and the current flowing in through another 
■ brush is 3y amperes. («) What is the strength of the cur- 
Irent flowing in or out through the third brush, and which 
|way is it flowing ? (b) What makes you think so ? 

(24) How is it that the current taken by a synchninous 
single-phase motor can vary with the load, although the 
number of revolutions per minute does not vary ? 

(25) A certain motor, being tested with a Prony brake, 
i found to have \^5% efficiency when taking an input of 

Ess amperes at 230 volts. If the arm of the brake is 2 feet 

long, from center of shaft to point where It rests on the 

Kpcale platform, and the pressure on the scale platform is 

!) lb., at what speed (to the nearest whole revolution) is the 

motor running ? Ans. 1,130 rev. per min. 

(2fi) What would be the frequency of the alternating 

current furnished by a I4-pole alternator running at 

~L080 revolutions per minute ? Ans. 12ii. 

K(37) (fl) For what purpose is a lightning-arrester used ? 

p) How does it work ? 

(38) Why is the starting resistance of a shunt motor not 
icluded in the field circuit ? 

' (29) How is it Ihrtt tht- mai;netie field of a rotary-field 
lotor rotates ? 
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(30) How may a grounded field coil in a shunt-wound gen- 
erator be located, the current from another similar dynamo 
being available } 

{'il) (a) What is a multiphase alternator? (d) How 
does the current it furnishes differ from that of a single- 
phase machine ? 

(32) How is an alternator compounded? 

(33) How may a path be provided over which the static 
electricity which may accumulate on a dynamo frame 
escapes ? 

(S4) In general, what is the object of a switchboard ? 

(35) Why is it that there is no E. M. F. generated in 
the coil of a Westinghouse constant- current dynamo which 
is directly under a pole-piece ? 

(36) What is the general principle upon which all electric 
motors operate ? 

(37) What are bus-bars, and for what are they used ? 

(38) Why will an armature of too low resistance give 
little starting torque in a rutary-licld motor ? 

(39) What is the character of the current in the external 
circuit of open-coil constant-current dynamos? 

(40) For what purpose is the equalizing connection used 
in connecting compound-wound dynamos in parallel ? 

(41) On starting up a dynamo, one of the bearings begins 
to heat badly, and on examination it is found that the shaft 
is dented in places and has several rough spots. How may 
these defects be remedied ? 

(42) Why is it that the speed of a shunt-wound motor 
varies very little from full load to no load when supplied 
with a current at a constant potential ? 

(43) What is meant by a burned-out armature coil ? 

(44) How may an armature be balanced ? 

(45) Why does the neutral line of a motor shift in the 
opposite direction to that of a dynamo ? 
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(4(i) Why should the ammeters on a switchboard for 
■mpound-wound dynamos, to be run in parallel, not be con- 
icted in the side of the circuit in which the series coils are 
nneclcd ? 

(47) What limits the output of constant-current dyna- 

(48) What losses occur in a static transformer ? 

(49) What are some of the advantages of magnetic- 
lircuit breakers as compared with fuses for use on switch- 
wards? 

(50) What would be the successive combinations which 
ly particular coil in the Thomson- Houston constant-cur- 
!nt dynamo makes with the other coils during a half revo- 

ution, starting from a position where it is not active ? 

(51) How does armature reaction affect the output (a) 
if synchronous alternating-current motors ? (6) of rotary- 
leld motors ? 

(63) A certain shunt-wound motor takes a current of 
amperes at 125 volts when running free. Its armature 
isistance is .04 ohm and its field resistance 63.6 ohms. 

a) What would be its output in H. P. when taking a current 
Ti amperes at 125 volts ? (*) What would be its efficiency 

t this output ? 
NoTB. — As the method nS finding the output and efficiency which 
lould t>e used in solving the above problem is not strictly accurate, 
ur Itgures are enough to retain in calculations or results, 

^^^ ((«) ii.r.jH. P. 
■ *(/') di.nf. 

{5.1) What is the effect of too much oil or grease on the 
>mmutaior of a direct-current constant-potential machine ? 

(64) ((/) Why should the armature colls of an alternator 
J no wider than the neutral spaces ? (/i) Why should the 
iutral spaces in an alternator be made of the same width 
; th^ fields ? 

(S6) How is the E. M. F. of the Excelsior constant- 
irrent dynamo regulated to give a constant current ? 
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(ofi) What becomes of the tiiergy in a direci-L-iirreiit 
motor armature represented by tho product of the curreni 
flowing and the counter E. XI. F. ? 

(57) ('() By what two general systems is the current for 
incandescent lighting distributed? (6) Describe tho essen- 
tial features of each method. 

(58) What would be the speed at full load of a rotary- 
field molcir whose field winding has 10 poles, if supplied 
from a circuit whose frequency is 72, assuming 2.5;< slip ? 

Ans. 842.4 rev. per min. 

(.5a) Suppose that on starting a shunt-wotind dynamo ii 
should riifuse to build up. What would prubably be ihc 
trouble, and how would it be remedied ? 

(CO) (a) When a current is sent through a direct-cur- 
rent armature which is in an excited field, why does the 
armature tend to rotate ' (6) Under what circumstances 
will it rotate ? (t) Why does it not continue to speed up 
indefinitely when it lias once started ? 

(Bl) In what position with reference to the pole-pieces 
are the armature coils of a drum-wound alternator when 
there is no E. M. F. generated in them ? 

{(t'i) Why should both parts of the magnetic circuit 
(field-magnet and armature core) of a rotary-field motor be 
laminated ? 

(1)3) Why is it necessary to use multipolar field-magnets 
for alternators ? 

(Oi) In what general respects do switchboards for incan- 
descent-lighting circuits using alternating currents differ 
from those using direct currents ? 

(US) To reverse the direction of rotation of a direct- 
current motor, what changes in the connections are neces- 
sary ? 

(CiCi) Suppose that one of the field coils of ashunt-wound 
four-pole direct-current dynamo is wrongly connected. 
What effect would this probably have on the E. M. F. ? 
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{07) To what classus cif work are (a) shuiit-woiind 

rect-current motors applicable ? {/>) series-wound motors ? 
(<r) Why ? 

(68) Describe the method of shifting the brushes used in 
the Thomson-Houston constant-current dynamos. 

(09) What is a water rheostat, and for what is it often 

led? 

(70) How is it that the armature winding of a roiary- 
field motor has no connection with the external circuit ? 

(71) On what conditions does the torque of a direct- 
current motor depend ? 

(72) Why does closing the secondary circuit of a trans- 
former increase the current in the primary ? 

(73) What is meant by the "slip" of a rotary-licld 
motor ? 

(74) Make a sketch showing your idea of the proper 
arrangement of the apparatus and the principal connections 
on a switchboard for a plant employing three compound- 
■wound direct -current dynamos which are to be run in 
f>arallcl and are to supply seven lighting circuits. 

(75) Describe the general features of the Prony brake. 

(76) Why is it desirable that the width of the open space 
between the two active parts of an armature coil of a drum- 
wound alternator should be not less than the width of the 
field? 

(77) A single-phase alternating-current synchronous 
motor whose field has 23 poles is supplied with an alterna- 
ting current with a frequency of 133 cycles per second. At 
what speed will it run ? Ans. 72U rev. per niin. 

(78) (ij) Why is it desirable to use an external resistance 
in the armature circuits of a rotary-field motor ? {/>) Why 

I this resistance not left permanently in circuit ? 

(78) How is it that the brushes of a constant-current 
lynamo with a closed-coil armature may be shifted to a 
Otisiderable extent without causing excessive sparking ? 
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(80) How may the applied E. M. F. of a direct -current 
motor be varied ? 

(81) From the nature of the sparking, how can you tell 
whether the brushes of a direct-current constant-potential 
dynamo are too far forwards or too far back ? 

(83) How are the devices for shifting the brushes of con- 
stant-current dynamos with closed-coil armatures usually 
thrown into or out of action ? 

(83) A three-phase rotary transformer is to deliver cur- 
rent at 200 volts. What must be the voltage of the alter- 
nating current supplied to it f Ans. i'i'i.i volts. 

(84) An alternating current whose curve is of the form 
shown in Fig. 17 or 18, and whose maximum value is 
12 amperes, is passed through a length of fine copper wire 
which it heats to a certain temperature, (a) What would 
be the number of amperes of a (steady) direct current that 
would heat the same wire to the same temperature under 
similar conditions? (f>) Why? Ans. [a) 8,48 amperes. 

(8fi) Why will the speed of a direct-current motor in- 
crease if the field is weakened f 

(86) What is phase splitting ? 

(S7) State two of the methods used in starting polyphase 
synchronous motors. 

(88) How may the direction of rotation of a polyphase 
induction motor be changed ? 

(89) How may a two-phase induction motor be used on 
a single-phase circuit ? 

(90) What will be the alternating E. M. F. supplied by 
a two-phase rotary transformer fed with direct current at 
220 volts? Ans. E. M. F. of each phase, 156.5 volts. 

(01) How may the E. M. F. of the direct current sup- 
plied by a rotary transformer be varied ? 

(92) Referring to Fig. Ifi, Art. 34, what will be the 
E. M. F. between 1 and 4 if the voltage on each phase is 
440 volts ? 
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ELECTRIC HOISTING AND 

HAULAGE. 



(1) Compare electricity with steam and compressed air 
to their relative advantages in the transmission of power 

it a mine, both when the major portion of the power is to 

le used for hoisting and haulage and when drills or pumps 

ire to be operated. 
(3) What are the steepest grades on which electric locn- 

[lotives can be employed ? 

(3) What is the advantage of transmitting electrical 
inergy at a high voltage ? 

(4) If, for the convenient handling of material, it is nec- 
sary to install the power plant at some distance from the 
inc. what advantage has electricity over steam or com- 

iTessed air ? 

(5) What is the difference between continuous insula- 
ton and interval insulation, and what would you consider 

* advantages of each ? 

(6) Where should the troliey-wire, or other electric wires 
led underground, be placed in relation to the track ? 

(7) Describe one method of supporting the trolley-wire 
br underground traction. 

(8) Why is it that wires encased in conduits or mold- 
ings can not be depended upon to transmit as much elec- 
trical energy as those which are exposed throughout their 
entire length ? 

{9) What precaution should be taken to prevent persons 
from receiving a shock from the frame or other portions of 
:ctric raining pumps, hoists, etc.? 

noUce ..( ihi lopytlalit, wc fagt iinnicdiiiu-ly fi^llnwrns ihe iKIe page. 
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(10) What special advantage has the elettric motor for 
use in connection with hoisting ? 

(11) Into what two divisions may underground haulage 
in mines be divided ? 

(12) What special advantages does the electric locomo- 
tive possess for underground work? 

(13) When an electric locomotive is controlled hy a 
series-parallel controller, what takes place during each stage 
of the starting, i. c., upon each movement of the lever ? 

(14) What is tlie average speed of mine locomotives ? 

(15) Is it economy to use light rails where electric loco- 
motives are employed ? 

(IC) How are the motors mounted with the electric 
mining locomotives manufactured by the General Electric 
Company, in which two pairs of wheels are employed ? 

(17) If three pairs of wheels are employed, what pro- 
vision has to he made to enable the locomotive to go around 
sharp curves ? 

(18) Do changes in temperature affect the electric sys- 

by steam or compressed air ? 

(19) If it is desired to transmit a greater amount of 
power over a given sized wire, how may this be accom- 

(20) Why is it not advisable to allow great losses of 
energy or falls of voltage in the transmission line ? 



iLIiCTRIC PUMPING, SIGNALING, 
AND LIGHTING. 



(1) Give a sketch showing how to connect up an electric- 
wll signal for a shaft so that only one wire in the shaft wili 
e necessary, the ground being used as a return. 
i (2) Give a sketch showing how to connect up a bell 
I for a shaft, using three wires, so that a signal may 
e given from any intermediate point. 

(3) (rt) Explain the action of an ordinary vibrating 
iectric bell, (i) How may a vibrating bell be made into a 
ingle-stroke bell ? 

What style of battery is well adapted for circuits 
i there is considerable leakage on account of poor 
tButation ? 
J (5) Give a sketch showing the necessary connections for 
tshaft (lash-light signal system. 

(6) (d) About how many watts [wr candle-power does an 
ordinary incandescent lamp require ? {6) About how many 
candle-power can be obtained per horsepower expended? 

(c) About what current does a IC-candle -power, 110-volt 
lamp take ? 

(7) (a) Give a sketch showing how you would connect 
ia5-voit lamps on a 2fln-vo!t circuit. {/') Give a sketch 
showing how you would connect HO- volt lamps on a 
550-vok circuit. 

(8) (rt) What do you understand by a sAorf circuit f 

[d] Why are short circuits on constant- potential systems 
liable to cause damage ? 



ELECTRIC PUMPING, 

(9) {a) What is the difference between an enclosed-arc 
lamp and an open-arc lamp? {*) How does the consump- 
tion of carbon in the enclosed lamp compare with that in 
the open lamp ? 

(10) Give a comparison between the steam consuraplion 
per horsepower expended in pumping water by means oi 
steam-pumps and electric pumps. 

(11) What advantage have electric pumps over those 
driven by steam or compressed air in cases where the pump 
works on air part of the time ? 

(12) Which is generally the more economical, to pump 
water by stages or to use a high-pressure pump and force it 
to the surface at one lift ? 

(13) (a) About how many watts does an ordinary open- 
' arc lamp, rated at 2,000 nominal candle-power, take ? 

(6) How many watts are required for a lamp of 1,200 
nominal candle-power ? 

(14) («) What is the approximate efficiency of an elec- 
trically driven pump operated by double-reduction gearing? 
(/>) What is the cfficii-ncy "f a pump operated by single- 
reduction gearing ? 

(15) Give some of the advantages and disadvantages of 
centrifugal pumps. 

(10) (a) What do you understand by the dro/r in an 
electric light or power circuit ? {d) On what does the 
amount of the drop depend ? 

(17) (a) What is the objection to running a number of 
vibrating bells in series? (i) How may this objection be 



(18) Why are bells operated in parallel usually preferred 
to those operated in series for mining work ? 

(19) A direct-current dynamo supplies 150 llO-volt 
IC-candle-power lamps situated in a portion of a mine 1,500 
feet from the dynamo. The allowable drop in the line is to 
be 10 per cent, of the pressure at the lamps. Calculate the 
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size of line-wire required in circular mils, and give the near- 
est size B. & S. 

(20) If the diameter of a wire is .125 inch, what is its 
area of cross-section in circular rails ? 

(21) Give a diagram of a simple-hautage signal using a 
single wire with a ground return and arranged for ringing 
from either end, 

(22) Give a diagram of a simple-haulage signal using 
three wires with a single battery and two bells arranged so 
that they may be rung from either end. 

(23) {a) Explain the method of operating lights by 
means of the high-pressure alternating current, using trans- 
formers for lowering the pressure. {/>) Why is this system 
particularly adapted for long-distance work? 

(24) {a) What are fuses used for in lighting work? 
{d) What would be liable to happen if they were not used ? 

(25) An alternating- current dynamo operates 1,200 
Ifi-candle-power lights from 2,000-volt mains. The distance 
from the dynamo to the lamps is 3 miles and the allowable 
loss in pressure is 10 per cent. Calculate the required 
cross-section of the line-wire and give the nearest size B. & S. 

(26) Give a sketch showing how two lamps may be 
connected up so that they may be controlled from either of 
two points. 

(27) State some of the advantages of electrically driven 
pumps. 

(28) If ordinary arc lamps are to be operated on a 
llO-volt. constant-potential circuit, how should they be 
connected up ? 

(20) If 200 16-candlepower lamps are wired up in sets of 
five in series across 500-volt mains, what will be the total 
current in the mains } 



ELI-CTRIC COAL-CUTTING 
MACHINERY. 



(1) What advantages has elt-ctricity over compressed air 
\ for driving coal-cutting machines ? 

(2) Why is it that alternating-current machines are not 
[suitable for use in mines? 

(3) In the case of thick seams of coal, why does the coal 
[ mined with a pick machine fall in better condition for load- 
I ing than that mined with a machine cutter ? 

(i) Why can more lump coal be obtained when the coal 
r is both undercut and sheared than when it is simply under- 



ick machines be employed in the case of steeply 
(is; and if not, what are the limits? 



(5) Ca, 
I pitching SI 

{fi) Why is it that chain-cutting machines can not be 
■ employed for mining old pillars or coal upon which there is 
la squeeze ? 

(7) Describe the two methods of feeding lr)ngwall mining 
[machines along the face of the coal. 

(8) How do the cutter-bar machines differ from the 
Ichain-cutling machines? 

(9) How is the rotative motion of the motor transformed 
into a longitudinal motion of the pick in an electric pick 

1^ machine ? 

(10) What kind of an operating platform is iisi'd with the 
pick machines when cutting coal ? 

(11) What advantage has a pick machine over chain 
machines when it is necessary to use props and cockermegs 

Riear the face of the coal ? 
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(12) What advantage have pick machines over chain 
machines when they have to be moved from one room to 
another ? 

(13) How is the chain coal-cutting machine held in posi- 
tion during cutting so that the reaction of the cutters 
against the coal will not force the machine out of position ? 

(14) What advantage has the machine shown in Fig. 4 
over those shown in previous figures, especially for work ir 
thin seams of coal ? 

(15) When a ball of sulphur is encountered which seems 
to affect some of the cutters only, how may it sometimes be 
removed with a chain-cutting machine ? 

(10) How are the chain -shearing machines supported 
while at work ? 

(17) Why are the cutting teeth in the longwall machine 
employing a cutting arm placed in a spiral alxiut the arm ? 

(IS) How many men are commonly required to operate 
a pick machine, and what is the duty of each ?.^^^^^^^^^ 
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